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DJ7 YE 


What's actually behind it all? 


Dear Reader! 


Firstly, the staff of VHF COMMUNICATIONS wishes all subscribers and readers a very Happy and 
Prosperous New Year. 


At the same time we would like to introduce our new translator Colin J. Brock. 


He is an Englishman, working as a Tropospheric Scatter Systems Engineer in Germany and is a radio- 
amateur under the current license G3ISB/DJOOK. 
Owing to his spontaneous participation, we were able to rescue VHF COMMUNICATIONS. We are 
eagerly preparing edition 4 of this volume and are sure that you too, are looking forward to it. We hope 


that our subscribers will excuse the delay and support us again in the future. 


Yours, Corrie Bittan 
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Alois Aigner, DL 6 XE 


Helical Antenna for the 70 cm Band 


From the standpoint of the publication (1) of 
the 23 cm band helical antenna by Hans-Jiir- 
gen Griem DJ1SL, | would like to briefly de- 
scribe a version for the 70 cm band, At the 
same time | would like to give to anyone inter- 
ested, the encouragement to take this uncriti- 
cal, weekend project in hand. The actual con- 
‘structional effort isn’t much, it’s just the will 
required to do-it-yourself. | use the helical an- 
tenna for the reception of the L-band trans- 
ponder for Oscar 10 and together with a low- 
noise pre-amplifier | get good readable low- 


Originally, the 70 cm helical antenna published in 
1974 by Wolfgang Stich, OE1GHB(2), was con- 
sidered but finally the conical form and above all, 
the simple matching of the DJ1SL-version appe- 
ared to me to be a significant step forward. From 
(2) however, the spacing of the supports was ob- 
tained. 


Enough now of the preliminaries - the following 
material is required for a 70 cm helical antenna: - 


Alu, tube 


{ 


30x30mm/ 1.5mm wall / 230cm long 


 A2,5 m long alu support tube (boom including 
fixing), and of 30 x 30 mm (about) square cross- 
section 


#30 plastic insulators (helix supports) 
@ about 11 mof wire (e.g. 4mm dia Cu. lacquered) 
‘a metal sheet (of alu) for the reflector 

the will to build an antenna 


Fig. 1 shows the external dimensions of the 70cm 
helical antenna. 


Now proceed in the following order: - 


¢ Measure the spacings for the insulators and 
mark their positions along the boom, Bore the 
holes (the same dia. as the insulator); 
as shown in fig. 3. 


# Cut the insulators (fig. 2) and drill the fixing and 
helix holes. 


‘@ Wind the wire on 200 mm dia. tube thus forming 
the helix. 
Thread the wire through the insulators. 


Fig. 1: Overall dimensions of the 70 cm helical antenna 
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Fig. 2: Insulator/support 


Fasten the insulators to the boom. 


« Saw-out a round reflector disc from sheet alu. 
with a jig-saw and fit a 200 mm alu, strip edging 
by means of brackets or welding 


# Fix an N panel-mounting socket (at the end of 
the helix) in the reflector disc and mount a /4 
metal strip with an adjustment screw as in figs. 
4and 5. 


e Point the antenna skywards and with a 70 cm 
signal generator and reflectometer adjust for 
optimal results by bending the strip and fine-ad- 
justing the screw (remember to lock the screw). 


The concluding photo series shows the formation 
of the antenna very clearly 


helix 
strip My tong 
40mm wide 


} screw 
+L reflector 


<= + N-socket 


OLSXE 


Fig. 4: Arrangement for matching 
helix to cable Zo 


Jrrein 


b 
einsulator 


f-tapping serew 


Fig. 3: Fixing together boom, 
insulator and helix 


Materials 


Boom from 30 x 30 mm square section alu. stock 
(hobby shops) 

Insulators: tubular-polyamid PA 11/12 from 
Mssrs. Thyssen-Schulte GmbH 

Tel,; Munich 089 - 41531, Linz: 732 - 74333 


References 
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Fig. 5: Matching arrangement-side view 
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Fig. 6 - 12: The constructional development 
of the author's helical antenna 
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Wolfram Pueschner, DF 7 KB 


The Noise Behaviour of Amplifiers 


This article describes some experiments and 
results in the theme noise and noise-match- 
ing of antenna pre-amplifiers. 


In communication technology, the relationship 
R= Zax for optimum power transfer is well 
known. This is described as matching, thatiis, the 
generator/load resistance (e.g. antenna) equals 
the characteristic impedance of the antenna ca- 
ble and that of the input/output impedance of the 
receiver/transmitter. 


Unfortunately, the observance of the conditions 
for matching a receiver input stage usually do not 


achieve the optimum signal to noise ratio. For 
minimum noise the input tuned circuit of the first 
stage must be mistuned with respect to the point 
of maximum gain. This means however, that one 
of the matching conditions concerning the input 
impedance of the amplifier has been violated. 
Fig. 1 makes this relationship clear. The values 
used in Fig. 1 were taken from an actual 70 cm 
band amplifying stage, shown in Fig. 2. The 
measurement tolerances are +/— 0,25 dB. Noise 
figure values well below 1 dB are easily possible 
with relatively little outlay (see Fig. 3) 


3.0 6 
dB | «| 


2.0 Fa J 4 o% 
15 3 
1.0 z 
os 1 


| 460480 


460 MHz 470 


— 


Fig. 1: Test results from a 70 om pre-amplifier using a 3SK97 adjusted for minimum noise 


Gain=G return loss = 


; Noise figure = Fos 


Test equipment: Sweeper SWOBS and noise figure meter HP 8970A 
Left arrow: Indentation probably caused by regulation effect of NF-meter (G > 20 dB) 


Right arrow: Noise matching at 432 MHz 
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Fig. 2: 70 cm pre-amp. used as test-item. By adjusting 
the source resistance minimum noise may be obtained 


The same amplifier was constructed again but _ In order to clarify the relationship between noise- 
this time with high quality input trimmers (Johan- matching and power-matching, the same ampli- 
son and Glasrohr) and in a brass housing.Acon- fier was adjusted for a maximum return-loss a, 
‘siderable improvement however, was not tobe and maximum gain G. The noise worsened at 432 
‘obtained. A discernible noise minimum however MHz from 0,6 dB to 1,2 dB (Fig. 4). Minimum 
was obtained in the two versions, by altering the noise was now obtained at 450 MHz. 

drain current for best results 


390 400 4k aS BMH 70 
[— 


Fig. 4: 70 om pre-amp. following adjustment for maximum return loss. 
Test set-up as in fig. 1 
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Fig. 5: 
Test set-up to determine the 


relationship between noise-figure 
r \d gain of a pre-amp. and the line 
All 7 pre-amplifier an\ x 
noise-source || lenathibatween amplifier and 
tS Pe] ] 
(MGF 1412) 


Figs. 1 and 4 show that an amplifier's noise mini- 
mum is not to be obtained by power matching. If 
the input impedance departs from the system 
characteristic impedance (say 50 2) then this in- 
put impedance will be transformed to a value 
which is dependent upon the electrical length of 
any section of line which is connected to it. Trans- 
mission line theory will then determine the re- 
quired result. 


The input impedance of a line in dependence 
upon its length, the reflection factor at the end of 
the line, and the characteristicimpedance, results 
ina function which shows a spiral form in the cha- 
acteristic of the input impedance versus the line 
length 


This means that the choice of line section be- 
fore the amplifier can always be used to trans- 
form the impedance to almost any desired va- 
lue. A total mismatch with the appropriate los- 


ses is possible but so is the optimum noise 
match between generator (ant.) and amplifier 
achieved by means of the suitable choice of 
cable length. 


The following extract will describe a measure- 
ment in which the noise figure and the gain of a 
pre-amplifier is demonstrated to be dependent 
upon the line length connecting amplifier to gene- 
rator. An adjustable length line (line stretcher) is 
necessary (Fig. 5). The mathematical function of 
the complex input impedance of a line shows a 
periodicity of 1/2. The line length is therefore re- 
quired to be variable above the range of i/2. 


A coaxial line-stretcher was available with a 
length variation of only 120 mm. The foregoing 
description of a 70 cm pre-amplifier was therefore 
not suitable for the experiment, The experiments 
were therefore conducted in the 23 cm band using 
aMGF 1412 amplifier (Fig. 6). The salient particu- 
lars of this amplifier are: 


Fig. 6: 

vay Alow-noise 23 cm pre- 
amp. with GaAs-FET for 
further experiments 
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L1:  Silvered brass strip (25 x 10 x 0,5) mm. 

L2: ditto but 21 mm long 

Ch1: 9 windings 0,3 mm Cu-lacquered wire 
3mm former 

Ch 2: 2 windings silvered 1 mm wire on 5 mm 

former 
Trimmers: Johanson 6 pF 
Capacitors: All shown with * are disc ceramics 


The HP 8970 A noise figure meter is a direct read- 
ing instrument which reads both the ampli 
tion and the noise-figure of the item-under-test 
(JUT) in decibels. Prior to the measurement the 
amplifier is connected to a noise source and ad- 
justed for a noise minimum at 1296 MHz. 


The following results were obtained; 

G = 16,308 

Fig = 0,25 dB 

(Instrument measurement tolerance = +/— 0,25 
dB) 
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As one of those on the brink of remarkable facts, 
was displayed by the prototype MGF 1412 ampli- 
fier. The transformation elements were originally 
fitted with standard tubular trimmers. The lowest 
obtainable noise figure was about 1,2 dB but only 
following the replacement of the two input trim- 
mers by those made by Johanson. 


Fig. 7 shows the dependence of the gain and the 
noise figure upon the line length between noise- 
source and amplifier input. The periodicity is 
clearly recognisable, again the length between 
minimaimaxima being W/2. 


The minimum noise figure departed a little from 
that directly obtainable from the noise generator 
output terminals owing to the insertion loss of the 
line-stretcher. The change in attenuation owing to 
the alteration in line length of the line-stretcher 
was not taken into account. Errors due to this 
source are however, so small that they can be 
negiected in this application 


188 


156 


154 


136, 


1oomm 12 


Yue 


ults for the amplifier 
6 show that bya suitable 
line-length between generator 
{ant.) and pre-amplifier the 
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The variation in noise-figure between about 0,35 
dB and 1,5 dB due to a change in line length of 
about 60 mm (i/4 at 1296 MHz = 57,8 mm) is 
worthy of note. 


The change in noise figure with line length de- 
pends upon the relationship between the test 
equipment source impedance and that of the 
noise matched impedance of the semi-conductor 
under test. Some of the later bipolar transistors 
e.g. BFQ 69 display a noise minimum of near 70 
Q (LE. system Z = 60 Q). Investigation of such 
ampiifiers is planned for the near future. 


If the full potential of an NF-meter optimised pre- 
amplifier is to be utilised in practice, then match- 
ing to the antenna is unavoidable. 


These experiments have shown that a line-length 
of 1/2 (or multiple) between antenna and pre- 


amplifier presents the latter impedance, without 
alteration, to the antenna terminals. An optimum 
noise match between antenna and amplifier is, on 
account of this, only possible by the introduction 
of an adjustable (by a 1/4 at least) line-stretcher. 


The total stretch from the antenna terminals, in- 
cluding where fitted, coaxial relays and the line- 
stretcher, can be adjusted for optimum signal- 
noise ratio by means of solar-noise or a signal 
from a weak transponder. 


References 


1) UHF-Unterlage DJ 9 HO 
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Colour ATV-Transmissions are no problem 


for our new ATV-7011 


The ATV-7011 \s a professional quality ATV trans- 
mitter for the 70 cm band, It is only necessary to 
connect a camera (monochrome or colour), antenna 
and microphone. Can be operated from 20 V AC or 
12 V DC. The standard unit operates according to 
CIR, bul other standards aro available on request 


The ATV-7011 Is a further development of our reli- 
able ATV-7010 with better specilicalions, newer de- 
sign, and smalier dimensions, It uses a now system 
of video-sound combination and modulation. It is 
also suitable for mobile operation from 12 V DC or 
for fixed operation an 220 V AC. 

DM 2750.00 


Price .. 

The ATV-7011 is also available for broadcasting use 
between 470 MHz and 500 MHz, and a number of 
such units are in continuous operation in Africa, 


K» 


Specifications: 
Frequencies, yal controled: 
Video 434.25 iz, Sound 439.75 MHz 


|M-products (3rd order): better than ~ 30 dB 
Suppression of ose.freq. and image: 

belter than ~ 65 dB 

Power-output, unmodulated: typ. 10 W 
Delivery: ex. stock to 8 weeks thandard model) 


berichte Terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf 


Tel. West Germany 9133-855. For Representatives see cover page 2 
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Joachim Kestler, DK 1 OF 


PLL-Oscillators with Delay-Lines 
Part 4: Carrier Noise Sidebands 


6. 
MEASURING CARRIER NOISE 
SIDEBANDS 


Kf the carrier noise sideband test results of the 
high frequency VFO (3) and also the data of the 
Braun SE-401 ( fig. 3 in (1)) are considered, the 
impression may be gained that the noise charac- 
teristics of PLL/DL oscillators are mainly of me- 
diocre quality. This however, is not the case, 
much more to the point is, that the characteristics 
of the oscillator tuned-circuit itself are of decisive 
importance and comparitively, the above cited 
specimens of this type are not exactly shining ex- 
amples. The VFO described in (3) may have the 
fault of a relatively tight coupling of tuning-diode 
to the tuned-circuit but this is unavoidable in view 
of the wide tuning range (+ 10 %) required. 


How the carrier noise of the oscillator affects the 
receiver characteristics has been extensively 
shown by DJ 7 VY in (1). The measurement tech- 
nique will be considered in this article followed by 
noise data determined from a specimen 2 moscil- 
lator constructed from DK 1 OF 046/047. 


6. 1.Measurement Technique 


To get it quickly out of the way, a “normal” spec- 
trum-analyser (price group DM 80,000) is not 
much use here because the instrument's local os- 
cillator noise masks the noise of the test-item 
owing to its multi-order tuning range. Also, the 
best dynamic range of 80 dB, offered by such in- 
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struments, is too small. Modern FFT (fast fourier 
transform) analysers are only suitable for relative- 
ly low frequencies since the signal under test 
must be digitalised with an adequate resolution 
(e.g. 16 bit) before the computer is able to compu- 
te all components of the signal's spectrum in the 
given time-frame. 


Itis expedient to translate the frequency to be ex- 
amined, by means of a mixer and an extremely 
low noise local oscillator, down to a lower fre- 
quency where it may be observed more simply. 
This “intermediate frequency" can also be zero i 
e. the same frequency L. O. as that of the test-sig- 
nal thus enabling the use of a small AF filter to se- 
lect the noise sideband before rectification (RMS) 
and display. 

Any other IF can, of course, be employed if the ne- 
cessary steep-flank filters with sufficient stop- 
band attenuation are available, This concept, as 
in fig. 33, will be examined more closely, The re- 
ference oscillator used was that by DK 1 AG (cir- 
cuit diagram fig. 10 in (4)) together with the follow- 
ing crystal filter shown in fig. 20 (4). Following 
the buffer stage, a high-current FET, the 72,5 
MHz crystal signal is frequency doubled and am- 
plified to a power of 200 mW by two hybrid ampli- 
fiers (Avantek UTO-546). The mixer is a super- 
high level type, which can take a 23 dBm LO injec- 
tion power, giving a 1 dB compression at a signal 
input of 20 dBm, 


The VHF oscillator under test is amplified by a 
further hybrid amplifier to 10 mW and fed via a 
calibrated attenuator (x 2 cascaded, Weinschel 
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Fig. 33: Carrier noise-sideband test set-up 


Typ 3023) to the mixer RF input. The resulting 
10,7 MHz IF frequency is then selected by a high- 
ly selective IF amplifier using industrial-surplus 
crystal fillers (XF 107 S 01 by KVG) together with 
a very steep flank, 32 pole filter, also obtained 
cheaply (there’s some more left). Owing to the 
cascaded filters, the pass-band ripple (4 dB) ma- 
kes an exact determination of the noise-band- 
width necessary. This was carried out by graphi- 
cal integration on a linear format and resulted in a 
noise-bandwidth of 6,1 KHz. A signal, 5 kHz from 
the mid-band frequency, is attenuated by more 
than 130 dB. The output of the IF amplifier is con- 
nected to an RMS-voltmeter (Racal 9301 A) 


Now for the carrying-out of the measurements. 
First of all, the VHF oscillator is adjusted to a fre- 
quency of exactly 134.3 MHz in order that a signal 
of 10.7 MHz appears in the IF. The attenuator is 
adjusted for say 10 mV RMS in the output meter 
and its setting noted (ensure that the IF stage is 
not limited by noise nor saturated by signal). The 
VFO is now tuned say 10 kHz off frequency, with 
the aid of acounter, and the attenuator readjusted 
in order to return to the 10 mV reference in the out- 
put meter. This reading is the result of carrier noi- 
se-sidebands. The attenuator setting is again no- 
ted. 


af i 40 an 


DK 1 OF 


Vostee 


‘x XP MP SOV 


Example: 
VFO at centre-band: a = 112 dB for reference of 
10 mV (RMS) 
VFO tuned 10 kHz high: a = 8 dB for reference of 
10 mV (RMS) 
Carrier to noise C/N = 112 — 8 = 103 dBin 6 kHz 
noise slot 


BW shrinkage factor for 1 Hz slot = 
10 log (6 x 10°/1 Hz) 
C:Nat10kHz from cartier - 103 +38 


38 dB 
141 dBin 
1 Hz slot 
141 dBc, 10 kHz from 
carrier 


in other words: C:N 


Noise signals are characteristed by a very high 
crest-factor (peak to RMS ratio). This means a 
noise power (or noise voltage) measuring instru- 
ment must have a sufficiently high dynamic range 
in order to hold measurement errors within reaso- 
nable bounds. The instrument should have a 
crestfactor of at least 40 dB requiring that a refe- 
rence set at 10 mV RMS calls the instrument to 
handle 1 V undistorted (on the range) 

note: HP 3400 A has a crest-factor of 10 dB at 
FSD and 40 dB at 10 % FSD. 


Should further information upon noise measure- 
ments be required the reader is recommended to 
references (5) and (6) 
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6.2, Test Results 


‘The noise spectrum of the VHF oscillator OK 1 OF 
046/047 is represented in fig. 34. A comparison 
with the original version (1) indicates good agree- 
ment. The curve of course, shows both noise from 
the tost-item and also from the instrument's 
(fig.33) local oscillator. 


The construction article announced earlier which 
will deal with a suitable receiver input stage has 
had regrettably, to be delayed somewhat owing to 
the intensive work for the above article. 
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Horst Burfeindt, DC 9XG 


GaAs-FET Inter-Locked Dual-Polarity 
Power Supplies for portable Use 


This supply is suitable for use with two-stage 
GaAs-FET amplifiers in the higher GHz range. 
It features a protection circuit which prevents 
the drain voltage V_ from being applied with- 
out the gate voltage Vo. The PCB contains 
also a DC to OC converter which doubles the 
battery voltage from 12,6 V to 24 V without the 
use of a transformer. This voltage serves to 
supply the coaxial relays (surplus Y type) 


BF2USa @ ‘i 


(BC 264a) 


which require 20 to 28 V. 


1. 
CIRCUIT DIAGRAM 


The drain voltage supply (Fig. 1) is undertaken by 
an LM 723 stabilizer in a 14 pin DIL format. The 
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Fig. 1: GaAs-FET supply with current limiting and fail-safe interconnection 
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DC9XG 


001b _ 


CMOS 4093 


output voltage is adjustable, with the 4,7 kQ pre- 
set, to between 1 - 5,5 V. The resistor Rg¢: limits 
the current and is calculated from the formula: 


Imax = 0.45 (V)/Rgc($2) 
A resistance of 5,1 @ limits the current to approx 
85 mA 


The gate voltage is produced by means of the well 
known timer NE 555 connected as a multivibrator 
followed by a voltage-doubler. The voltage regu- 
lator 79L05 stabilizes the negative voltage at -5 


Ss ies 

Pit 

mn T st 7 Tan 
‘Jepsen | 
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V. A560 @ resistor al the output serves as a filter 
andat the same time, as a part of a voltage divider 
together with the 1 k&2 presets. The complete fil- 
ter, comprising 560 2/47 uF elements, suppres- 
ses the internal noise of the 79L05. 


1.1. Gate-/Drain Supply Interconnect 

The divided negative voltage at the top of the two 
1 kQ presets is —2,35 V. This negative voltage 
biases the field-effect transistor to cut-off. This 
FET conducts at zero gate potential and effective- 


Fig. 3: Prototype module showing all external connections taken via feedthrough filters 
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ly returns pin 13 of the LM 723 to earth via the 1,5 
kQ resistor, This controls the LM 723, making the 
internal series pass transistor non-conducting 
and the output drain voltage near zero. 


The purpose of this arrangement, |s to delay the 
drain voltage until the presence of the negative 


gate potential has been assured. Should the gate 
bias supply fail altogether, then the drain supply is 
also nullified. 


Itis important that the transistors used for this pur~ 
pose are N channel FET's with the A suffix, e.g. 
BE 245 A/244 A (TI) or BC 264 A (Valvo). Only 


6 UB 


TO. 12,5v 


fe =O0 + 24V 


Leoax. rel.) 


Fig. 4: 

Component plan of PCB 
DCSXG 001 showing external 
connections. Pins 1 and 8 of 
4093 must be connected by a 
wire bridge on track side of 
board 
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these types of transistor cut-off at —2 V gate po- 
tential, The B version of the BF 245 requires a Vo 
of -3,5 V to cut it off, 


2: 
DC VOLTAGE-DOUBLER 12/24 V 


The converter in Fig. 2 supplies the author's two 


1 200_ 


parallel connected 28 V SMA coaxial relays at a 
total supply current of 0,5 A. 


2.1. Circuit Diagram 


In order to obtain the correctly phased control for 
the two PNP Darlington-transistors BD 680, an 
oscillator comprising 4 C-MOS Schmitt-triggers, 
encapsulated in one chip RCA “4093", is used. 
Low resistance LOC-MOS types cannot be used 
here as the transistors draw too much quiescent 


ous 
Iq max = 
(SGS~ATES} ne 
DC9XG ag 
— = 
= otVp 
Vie. Tan 
126V Tah | 
on “ Toop 
ae fF Bhs 
= converter | 
TCL 7660. L 
ICL 7660 SA ae vase 
*VB fe ET (we 2660) 
ZPY75 i 


—-V6 


t ———» ov 


Fig. 5: Suggested circuit tor Power GaAs-FET Supply 
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current, become hot and do not switch reliably. 
The oscillator frequency is 11 kHz and is rectified 
by a Schottky 1 A power-diode. On account of 
high frequency, tantalum electrolytics are used 
for the blocking and reservoir capacitors. 


2.2. Data 

VB = 12,5V 

Quiescent current = 7 mA 
Converter frequency = 11 kHz 


Output voltage = 22 V at R, = 100.2, lp = 430mA 
Output voltage = 24 V at Vy = 13,8 V, RL = 682, 
la = 700 mA 


3. 
CONSTRUCTION NOTES 


The GaAs-FET supply and voltage-doubler is 
housed in a standard tin-plate box 37 x 148 mm 
(Fig. 3). The unit has been working now for two 
years in the author's 9, 6 and 3 cm band equip- 
ment. 


The unit can be used as a test-bench supply for 
GaAs-FET experiments by replacing the current 
limiting resistor and preset variables controlling 
+Vp and -Vg for continuously-variable potentio- 
meters mounted on a front panel 


The single-sided PCB DC9XG 001 (35x 145 mm) 
is shown in Fig. 4 together with component 
layout, The two ICs LM 723 and NE 556 are sup- 
plied via 22 @ and 10 @ resistors respectively, 
by 12,5 V. 


The series resistors are necessary in order that 
the sendireceive relay does not stick closed 
owing to the 47 uF capacitors across the 12,5 V 
‘supply. 

The protection zeners, shown dotted in Fig. 1, are 
actually located on the preamplifier PCB, These 
diodes should always have a zener voltage which 
is above 4,7 V. Z-diodes having a zener voltage 
below 5,1 V do not have a steep characteristic 
and a current could flow at voltages around 3 V. 


4. 
POWER GaAs-FET SUPPLY 


Figure 5 shows a suggested circuit for a power 
GaAs-FET supply. The drain voltage is stabilized 
with an SGS-ATES L200. The output voltage is 
variable between 2,7 and 9 V, The maximal cur- 
rent is 2 A and may be dimensioned by choice of 
the resistor Rec according to the following for- 
mula: 


Iinax = 0,45 (V)/Age(82) 


The converter for the negative gate bias uses the 
monolithic C-MOS converter ICL 7660 CPA (In- 
tersil) 


The -Vo/ + Vo interlock transistor is again the J- 
FET type BF 245 A. A zener-diode ZPY 7,5 V, in 
series with Vs, reduces the heat-loss of the con- 
verter chip, thereby preventing latch-up. 


The filler network at the output of the ICL 7660 
suppresses the converter switching frequency 
signal. 

The L200 can, of course, be combined with an NE 
555 as a converter for a negative supply. 


It is now possible for you to order magazines, kits etc. using your 


VISA Credit Card! 


To do so, please state your credit-card number and the validity date, 


and sign your order. 


Yours — UKW-BERICHTE/VHF COMMUNICATIONS 
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Jochen Jirmann, DB 1 NV 


A Stable Crystal-Controlled-Source 


for 10,37 GHz 


Two families of equipment have evolved for 
the 3 cm band, the simple, unstabilised Gunn 
or FET oscillators for portable, wide-band, FM 
equipment and complex quartz-stabilised 
systems for fixed-station SSB. Unfortunately 
many people have considerable anxieties 
about varactor multipliers which tends to ex- 
plain the dearth of usable construction arti- 
cles about them (such as the X9 multiplier by 
DK2VF/DJ1CR). 


This article describes a simple-to-construct 
oscillator chain which delivers more than 10 
mW at 10,37 GHz without using complex mil- 
led and rotary parts. 


1. 
THE CONCEPTION 


The author has constructed two well-known mod- 
ules, the 1152 MHz multiplier (DCODA) (1) and 
the X9 multiplier DK2VF/DJ1CR (2) and with so- 


me important improvements has developed a 
simple and reliable concept. The block-diagram is 
shown in fig. 1 which represents the two units to- 
gether. 


2. 
THE 1152 MHz GENERATION 


The 1152 MHz multiplier chain is almost exactly 

identical with that of the DCODA 005 module, ex- 

cept the following modifications were carried 
out: — 

— an FM modulator was included as an integral 
part of the crystal oscillator, 

— the discretly-built voltage regulator was repla- 
ced by a 78LO8, 

— instead of the simple 2/2 circuit at the module's 
output, a three stage, micro-strip filter has been 
included which ensures a 50 dB suppression 
of spurs and harmonics, 


OB 1NV 
Ft 

a eongice 
+H x2 x2 > oy 0 Loe 
4 te wpnite su ee 152 rae 2 Ht 
BF 199 BFW 92 BFW 92 BER 96 BB 103 soez- 930 
Th, Dt T2 BFR 96 MRF 227 02 

3 1,75 


Fig. 1: Block diagram of complete multiplier chain 
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1% 
te ~ easily obtainable, Valvo foil-trimmers were 
4 used exclusively throughout, 

~ all stages are bullt according to the recommen 
dations of DJ1ZB and are sure-fire and easy to 
tune, 

~ the output power can be adjusted by one 
trimmer 
the PCB could be reduced to 70 mm x 145 mm 
thereby fitting into a standard tin-plate con- 
tainer. 


MRF 629 


Figures 2 and 3 show the circuit diagram , the 
PCB layout, and the component placement of the 
PCB DBINV 003, 


BERS 


2.1. Components for the PCB DB1NV 003 
Semi-conductors 


TS BF 199, BF 224 or equiv. BEC series 

72,73: BFW 92, BFR 96 (T-plastic case) 

T4: BFR 96, BFT 12 (T-plastic case) 

TS: MAF 227, MRF 629 (T039 with emitter 
to case) 

OW BB 105, BB 505 

D2. BB 109, BA 138 or if need be, BB 105 or 
BB 505 

IC1: — 78L08 voltage regulator 

All trimmer-caps: Valvo foil 7,5 dia 

All capacitors: ceramic 5 mm lead spacing 

All electrolytics: Tantalum 

Resistors; 0207 construction 


BFA 


g Winding details 
ui 5,5 turns, 0,3 Cul on 4 mm form with 
UHF core 
L2,L3: 1,5 turns, internal dia 7.5 mm 
« La: 1 WH choke 
& L5,L6: wire loop 6 mm internal dia, 12 mm 
* hole spacing 
L7: 10 turns, 0,5 mm Cul, internal dia, 
3mm 


Fig. 2: Circuit schematic of the 1152 MHz generator 
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L8: 

Ls: 

110, L14: 
Li2: 
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1 WH choke 

wire loop 6 mm internal dia, 9 mm high 
Broadband choke VK 200 

10 turns 0,5 mm Cul, internal die 
3mm 


0 


(5) 


L413: 
L14: 
L1S: 


OB1NV 003 


Fig. 3: 
Component layout of 1152 
‘MHz generator (« soldered to 
ground on upper-side of PCB) 
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1,5 turns, internal dia, 6 mm 
1,25 turns, internal dia, 6 mm 
2 turns, internal dia, 2,5 mm 


L16-L18: Microstrip-lines 


wire: 


1mm dia silvered 
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1152 MHz Fig. 4: 
Electrical representation of 


¢ the X9 multiplier 
| 
6p. a 
ai 
es 
$3 
" a af 
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a 4 rt =| é 58 
ez # el 4 £3 
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oe ie 
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E hen Fig. 5: 
ry ; f Component parts of the SRD 
is } 7 | | multiplier 1152/10368 MHz 
$ i iis Part 2: wave-guide flange 
§ a A R100 
5 2 Part 3: short-circuit slider 
e brass 22,7 x 10 x 10 mm to 
3 fitin WIG 


| Part 4: 1/2 line, Brass tube, 
5 dia x0,5, 18,5 mm long 

Part 9: brass posts 

12,7 mm x3 mm dia 


Part1 
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As can be seen, the circuit exhibits no particular 
features, only the selection of the varactor repre- 
sents a little trial and error. The author found that 
the BA 138 (no longer manufactured) and the BB 
109 proved successful. Even some 1N4148 dio- 
des could be used, following adjustment of the 
working point by a suitable parallel resistor. 


2.2. Construction Notes 


Those, who are not afraid of a little metal-work 
can construct the output filter from lines and trim- 
mers supported above the PCB plane, thereby 
obtaining somewhat more output power. The cor- 
rect tune-up procedure for a multiplier has been 
dealt with so often that it will not be repeated here 
in detail. A diode probe with an indicator will be 
useful to adjust each stage, in turn, for maximum, 
‘output when coupled to its tuned circuit. The out- 
put should be a little over 200 mW for the micro- 
strip version and 300 to 400 mW for the air-dielec- 
tric version. 


3. 
THE X9 MULTIPLIER 


An SRD (step recovery diode) HP 5082-0830 is 
employed in order to multiply the frequency from 
1152 MHz to the final frequency of 10368 MHz. 
This diode is considerably cheaper than the ear- 
lier type recommended by DJICR but has a 
somewhat lower efficiency. Whereas DJ1CR ob- 
tained efficiencies in the order of 10 to 15 %, the 
circuit recommended here works with only 5 to 
10 % according to the diode selection. Diodes 
possessing a higher breakdown voltage tend to 
deliver more power, 


As fig. 4 shows, the multiplier comprises a match- 
ing circuit for 1152 MHz, the diode itsel!, as well as 
a half-wave, short-circuited line associated with 
the diode. The half-wave section oscillates at a 
greatly reduced attenuation at the final frequency 
in accordance whith the current impulses through 
the diode. The required final frequency is then se- 
lected by a post-coupled wave-guide resonator. 
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More information about SRD multipliers can be 
found in the Hewlett-Packard Application Notes 
918 and 920. Fig. 5 shows the component parts of 
the multiplier. The following materials are requi- 
red: R 100 wave-guide, brass-plate 25 mm x 10 
mm and 3 mm dia. external, 1,7 mm dia. internal, 
as well as 5 mm external, 4 mm internal, diameter 
brass tubing. The brass tubing may be obtained 
from model hobby shops. 


3.1. Construction 


First of all, the wave-guide section, part 1 in 
fig. 5 (preferably made of copper owing to its high 
heat conductivity), is suitably drilled to receive the 
diode holder. The holding block 7 is also drilled 
and prepared for the matching circuit, After a test 
assembly according to fig. 6 the drilling for the 
diode-holder is checked to see that it is in align- 
ment with the W/G hole. The brass M 3 holding 
‘screws for the diode-block are filed down flush 
with the inner surface of the wave-guide. The two 
3 mm dia. posts (part 9) of the filter are placed in 
the wave-guide, the wave-quide flange (2) is pla- 
ced over the end and the whole assembly solder- 
ed together. The 1/2 line (part 4) is soldered into 
the brass block. The choke (part 5) is constructed 
as shown in fig. 5 by slipping the two 5 mm long, 
3 mm dia. tubes over a 23 mm length of silvered 
1,5 mm dia. wire. The tubes are placed in position 
and soldered, the whole choke assembly insula- 
ted with teflon tape. The sliding short-circuit 
(part 3) is provided with 0,1 mm copper foil surfa- 
ces to slide on, thus making a better binding con- 
tact with the inner wave-guide surfaces without 
a precision mating being necessary. 


The tuning-screw on the side wave-guide wall, 
forms a capacitance for the 1/2 section and is tun- 
ed for best results — itis sometimes not necessa- 
ty. 

Before mounting the matching components on 
the PCB, the brass block (7) must be suitably dril- 
led to provide sufficient clearance for the solder 
points on the underside of the PCB. The PCB 
must lie on the brass block according to the com- 
ponent layout. 

After the assembly has been completed, the 
diode is inserted by ensuring that the heat-sink 
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end (without ring) is placed in the screw-cap (part 
6) thus using the greater mass of the wave-guide 
to dissipate the heat. Use also alittle heat contact 
paste for this purpose. Fig. 7 shows the comple- 
ted multiplier. 


3.2. Tuning 


The tuning of an SRD multiplieris not exactly easy 
but the diodes are so robust that they cannot be 
damaged during tuning. A good indication of the 
correct tune point is, that when the tuning ele- 
ments are turned, the power varies smoothly and 
without sudden jumps. A signal-generator ad- 
justed to 1152 MHz and 200 to 300 mW output po- 
wer is applied to the BNC input socket. This bias 
potentiometer is set to 3 or 4 kQ and the input trim- 
mer adjusted for maximum voltage across the 
diode. The output circuit is then adjusted for maxi- 
mum output power. The short-circuit slider is 
about 5 to 7 mm behind the diode. All elements 
are then tuned in order to maximise the output 
power by a process of iteration, as the position 
of some controls may be mutually dependent. 
The input power from the generator is then increa- 


Fig. 6: 
cross section 
of X9 multiplier 


ae socket 


sed to 600 mW when the output power should sa- 
turate at 30 to 40 mW. 


The preset potentiometer may be replaced by a 
fixed resistor if desired. This turned out to be 3,5 
kQ. on the prototype and a standard 3,3 kf) resis- 
tor was used to fix the diode working point. This, 
however, is temperature dependent and it may 
have to be determined again later. Suitable cir- 
cuits for this may be found in HP application notes 
918 and 920. 


4. 
TESTING 


The complete multiplier chain was fed into a ca- 
vity mixer which had an IF amplifier DB1NV 001 
(3) connected to its output port. The assembly 
formed a simple FM receiver. The output power 
was adjusted for maximum receiver sensitivity 
which occured at 10 mW, the noise figure being 
9 dB. Test contacts with DG2ND confirmed the 
usability of the system. 
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5. 
REFINEMENT POSSIBILITIES 


For stationary use, the simple crystal oscillator 
can be replaced with a low-noise FET in a tempe- 
rature-controlled oven. For portable use, an oscil- 
lator, able to be pulled to allow a swing in output 
frequency of 3 MHz, may be useful. For this pur- 
pose, a 96 MHz crystal, in an external circuit, may 
be excited al its basic frequency (for greatest fre- 
quency pull) and then multiplied by 5 and fed into 
the existing crystal oscillator stage which then 
works as a buffer. The 96 MHz signal from the XS 
multiplier must be inspected, however, for spec- 
tral purity. 


The 1152 MHz generator can, of course, be used 
as a low-power transmitter for the 23 om band but 
the author has not conducted any experiments 
with this possibility. 
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Erich Stadler, DG 7 GK 


Measurement of Cable-Impedance with 
Impulses and Sine-Waves 


Cables have the property, that impulses arriv- 
ing at the cable-end are reflected to an extent 
which is dependent upon the degree of mis- 
match of load to cable characteristic impe- 
dance. The actual shape of the applied im- 
pulse waveform is of smaller importance. Be- 
cause sine-waves may be regarded as both 
Positive and negative impulses, they can also 
be used for measurement purposes. A condi- 
tion of the measurement is, however, that the 
terminating impedance is purely resistive. 
The only value of terminating impedance 
which absorbs the impulse completely is that 
which is equal to the characteristic impedan- 
ce Zo. Using sine-waves the reflection stand- 
ing waves are caused to become unity and 
disappear using a swept display (wobbula- 
tor). This method is relatively fast. 


1. 
USING IMPULSES TO MEASURE 
COAXIAL CABLE Zo 


1.1, Test set-up 


For this method, an oscilloscope and a pulse ge- 
nerator are required. The oscilloscope monitors 
the impulses which are transmitted down the ca- 
ble (see fig. 1). Not only the incident pulses are 


displayed, the reflected ones too are present. For 
a proper display, however, the lime-base of the 
oscilloscope must be suitably adjusted as will be 
discussed later. 

1.2. Method of measurement 


Before the actual measurement can proceed, it 
must be ascertained that reflections are in fact 
present on the trace. The generator delivers a 
train of pulses which is displayed on the screen. 
On a short, low-loss length of cable the incident 
impulse has the same amplitude as the reflected 
impulse under unterminated conditions. In order 
that both may be identified, the far end of the ca- 
ble is temporarily short-circuited. The reflected 
impulses will there-upon change their polarity. 


The behaviour of the reflected impulses must be 
observed throughout the measurement process. 


Test item: cable 
Chatoeteriete inpedahice 2p 


Fig. 1: Test set-up for Zo measurement using 
impulses 
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tending to ole: 
R>Zo 


fefl.impulse 


matched: 
R=Zo 


tending to sle 
R<Zo 


rofl. impulse 


Fig. 2: Oscilloscope traces tor various cable 
terminations 


A-known resistance R, which is estimated to ap- 
proximate the characteristic impedance Zo, is 
used to terminate the far end of the cable. The 
amplitude of the displayed pulses will then be- 
come much smaller. Ifthe reflected pulses tend to 
approach the amplitude of the incident pulses 
then itis clear that R is greater than the cable Zo. 
If the reflected impulse has a reversed polarity, 
then Ris smaller than Zo (see fig. 2). If the reflec- 
ted pulse disappears altogether, the terminating 
resistor R is exactly equal tothe characteristic im- 
pedance of the cable Zo (fig. 2 middle). 


It may be expedient to terminate the cable-end 
with a variable non-inductive resistor and meas- 
ure the value of resistance, which has caused 
the reflected impulses to disappear, using anohm 
meter. 


1.3, Observations on time-base and test- 
equipment 

The measurement can only be expediously car- 
ried out if the reflected impulses can be adequate- 
ly identified from the incident pulses. That is to 
say, when the transmitted impulses are narrow in 
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relationship to the repetition time (smalll duty fac- 
tor) and that the cable is long enough to allow suf- 
ficient time between the end of the incident pulse 
and the start of the reflected pulse so that they do 
not merge. The pulse repetition rate should not be 
unduly high but sufficient to allow a stable trig- 
gered trace. A repetition rate of 50 Hz should be 
suitable if the pulse-width is sufficiently narrow. 


1.4. Example 


The characteristic impedance of a 10 m long ca- 
ble of velocity factor 0,66 is to be determined. 
What is (a) the separation time between incident 
and return pulses, (b) a suitable time-base, (c) a 
suitable pulse width. ' 


Solution: The propagation time along the cable is 
v = 0.66 x 300 x 10° m/s = 2x 10" m/s, Fora 10m 
long cable, the transmission time is 10 m2 x 10s 
m/s = 50 ns. The reflected energy has a total tran- 
sit ime of twice that of the incident. e. 100 ns. For 
a reasonable display the time-base should there- 
fore be set to maximum 0,14 s/cm and at least 10 
ns/cm. The pulse-width of the measurement pul- 
ses should be small in relationship to the time be- 
tween incident and reflected pulses, in this case 
less than 50 ns. 


For a clean trace, the oscilloscope should also 
have a y-deflection frequency of 10 to 20 MHz in 
order to ensure short rise and fall times on the dis- 
played pulses. The pulse period should be so 
chosen in order that there is a sufficient time inter- 
val between the trailing edge of a reflected pulse 
and the leading edge of the next incident pulse. In 
the example above, a pulse repetition frequency 
of 2 MHz, i.e. period of 0,5 j1s, can be used. The 
test-item used for demonstration purposes, 
shown in fig. 3, has a length of 100 m and can be 
tested at a PRF of 100 kHz and an oscilloscope 
bandwidth of only 3 MHz is sufficient. 


1.5. Test-Method Limitations 


The pulse-width of the signal generator impulses 
need not be a limiting factor. With a little practice it 
is possible to use relatively broad test pulse- 
widths. The incident and reflected pulses overlap 
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and cause the incident pulse to be stepped in the 
manner shown in fig. 4(a). A step-up is evident for 
a reflected pulse arising from a terminating re- 
sistor which has a higher value than that of the 
line's coaxial cable. In the same manner, reflec- 
ted pulses from a lower terminating load than that 
of the cable impedance, cause a step-down (c) in 
the incident pulse, When the cable is terminated 
in its characteristic impedance the incident pulses 
are undistorted as shown in fig. 4(b), 


The test method is more severely affected by the 
limitation imposed by the oscilloscope rise-time 
and/or that of the pulse-generator used for the 
test. This makes it very difficult to see where one 
pulse ends and the other begins as shown in 
fig. 5. With regard to the required bandwidth of 
the oscilloscope and the minimum cable length 


Fig. 3: 
RG-58-Cable, length 100 m and 
monitored impulses 

Photo: Electronic School Tettnang 


() 


Fig. 4: Determination of Zo using “long pulses 
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which is able to be tested, the considerations of 
the example indicate that the total rise-time 
should be less than 100 ns. Supposing that pul- 
ses from the pulse-generator had a 35 ns rise- 
time, the display oscilloscope should have a mini- 
mum bandwidth of: 


fw ~ 0,95/0,085 ps = 10 MHz 


in order that the impulses are sufficiently faithfully 
reproduced on the trace. If cable lengths of under 
10 m are required to be tested, then the oscillos- 
cope bandwith would have to be increased and 
the pulse-generator would require a pulse rise- 
time of less than 35 ns. 


2. 
USING SINE WAVES TO MEASURE 
COAXIAL Zo 


2.1. Test-sel-up 


The equipment for this method differs from the 
measurement using pulses, as on the one hand a 
high-frequency signal generator is used and on 
the other hand the monitor is not an oscilloscope 
but a high-frequency probe with a DC meter as an 
indicator, The frequency of the generators should 
be variable over a very large range (fig. 6). 


2.2, Method of Measurement 


First of all, the cable to be tested is either left 
open-circuit or short-circuited at the far and. 
Standing waves are set up along the length of the 
cable but they cannot be measured as the inner 
conductor is not accessable. If, however, the fre- 
quency is varied until say a maximum is indicated 
‘on the meter and then until a minimum is indica- 
ted, it will be apparent that the test may be carried 
‘out at one spot — the cable input end, It is only 
then necessary to note the difference between 
the indication at a voltage maximum to that at a 
voltage minimum. The bigger the difference, the 
bigger the mis-match. The measurement consists 
of varying the value of the load resistor until the 
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"short" impulses 


addition of 
pulses 


1Y "long" ingulses 


leading edge 
rerise time 


Fig. 5: Limitation of the reflection method owing 
to large pulse rise-time 


difference between the maxima and the minima 
disappears to zero. The cable is then matched 
and the value of resistor for this condition repre- 
‘sents the value of the cable's characteristic impe- 
dance Zo. As in the case of the pulse tests, the 
whole procedure is made less cumbersome by 
using a non-inductive variable resistor at the far 
end of the cable and measuring its resistance with 
an ohmmeter as soon as the voltage differential 
has been reduced to zero. The generator must 
have a constant voltage output over the range of 
the measurement. The signal generator could 
also be replaced by a wobbulator and the HF- 
probe and meter by an oscilloscope. Swept mea- 
surements are then made which simplify the mea- 
surement enormously. The load resistor is varied 
until the trace is flat, the cable is then matched 
(fig. 6). The oscilloscope can be almost any 


Verae 


an 


asurement of Zo using sine-wav! 

a) Manual frequency shift and meter indicator 

b) Swept frequency and variations of voltage 
displayed on oscilloscope 
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available as no great demands are made upon it. 
It does not have to display high frequencies but 
merely the amplitude differences between the 
maxima and minima from the rectifier in the 
probe. When testing a long length of cable, the 
frequency difference between a voltage maxi- 
mum and a voltage minimum need not be very 
large as will be seen in the following example, 


2.3. Example 


A.10 mong cable with a velocity factor of 0,66 ex- 
hibits a voltage node at the generator end when 
the far end is open-circuit, The generator frequen- 
cy is 430 MHz which means that the number of 
wavelengths on the line falls short of an exact in- 
teger by 1/4. The frequency is raised to 435 MHz 
and exactly 22 wavelengths appear along the line 


_* 


and the voltage at both ends is maximum (anti-no- 
de), The frequency change to achieve this is 
1,1 %, I{this measurement was carried out, how- 
ever, at say 100 MHz, the frequency change 
would have to be some 5 %. It would also be 5 % 
at 430 MHz, if the cable length was 2,5 m instead 
of 10m. 


2.4. Conclusion 


Although the methods of determining a cable's 
characteristic impedance by pulses or sine-wa- 
ves is efficacious, it is not the only method of mea- 
suring a cable's Zo. It may be done by measure- 
ment of L and or by comparison of the exact am- 
plitudes of incident and reflected waves thus ob- 
taining the reflection coefficient. The latter will be 
the subject of another article 


Space-slides 


Educational and Beautiful 


Fantastic colour-slides from the moon journey 
programme and from various NASA space 
probes supplemented by telescope photographs 
from well-known astronomical observatories. 


We offer a large selection of various series: Ex- 
perience together with your family, the astronauts 
‘on the moon, the earth photographed from space, 
the Martian surface photographed from the soft- 
landing VIKING probe and coloured radio pictu- 
res of Jupiter and Saturn together with its ring 
system and moons. Above all, wonderful, colour 
telescope photographs of the Sun, its planets and 
their moons as well as planetary clouds and many 
distant galaxies. 


All slides framed and titled in English. For more 
information see rear cover. 
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Gerd Korner, DK 2LR 


The PCB - Integrated Coaxial Tuned Circuit 


The methods introduced by this article should 
close the means of obtaining selectivity gap, 
which exists between stripline tuned circuits 
and cavity resonators, in the highest frequen- 
cy range. The use of the “integrated coaxial 
circuit", devised by myself, should bring to 
many constructional projects a substantial 
simplification and also miniaturisation of cir- 
cuits in the microwave area. 


Since the principle is not limited to a certain fre- 
quency. itis left to the readers of this article to as- 
certain the limits of the technique. | have built test 
circuits working between 2 and 10 GHz. A pre- 
amplifier will serve as an example which accor- 
ding to the position of the tuning plunger will ope- 
rate in the 12, 9 or 6 cm band. 


save e 
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1. 
THE PRINCIPLE 


The low-noise, selective pre-amplifier mentioned 
above, is shown in Fig. 1 as a mixture between 
circuit diagram and constructional sketch. For 
the 12 cm band the following data was deter- 
mined, G > 10 dB, BW < 20 MHz, Fa, 2103 dB. 
This was attained with a drain current of 10 mA at 
which value, no current flowed in the zener diode 
protection device. The main items of interest are 
the two PCB integrated coaxial circuits. In order to 
understand their operation the current distribution 
in both, cylinder and in pot resonators, will be con- 
sidered (Fig. 2). 


Fig. 1: 
Low noise selective pre-amplifier 
for the 12, 9 or 6 em band 
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Fig. 2: 

a) Highly non-uniform current distribution 
in an actual coaxial circuit 

b) uniform current distribution in an ideal 
coaxial circuit 

¢c) the current flow is greatest over the lar- 
gest surface areas in the cavity resonator 
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Fig. 3: 

Side view of the PCB integrated coaxial tuned circuit 

2) Shield recessed and inserted into PCB. The PCB 
ground plane does not contact along the slot 


inside the shield 
b) Copper foil in siot, shield soldered onto PCB 


The current distribution in the pot resonator 
shows clearly why it possesses a high circuit Q. 
The point is, the reduction of skin effect loss occa- 
sioned by the use of large, good conducting sur- 
faces and the avoidance of lossy dielectrics 
(glass epoxy material) particularly at the “hot” 
end of the tuned circuit. 


‘Strip-conductor tuned circuits must then, have a 
broad current distribution and al the “hot” capaci- 
tive end tapering-otf or better still into air or some 
other high quality dielectric. With this, by the way, 
a further disadvantage of strip-line circuits is not 
yet remedied, namely the radiation of SHF energy 
from the PCB into space which represents a fur- 
ther loss. 


At small wavelengths there is actually nothing 
against leaving the hot portion of a tuned-circuit 
off the PCB and putting it into coaxial form in a 
screened enclosure. In this manner, but at the 
cost of more mechanical effort. the integrated 
coaxial circuit was evolved thereby avoiding the 
aforementioned disadvantages of the strip-line 
tuned circuit. 


{Pca 


Fig. 5: 
1 04 mm Mechanical principle 
tuned-down of tuning plunger 


Fig. 4: 

PCB integrated coaxial tuned circuit top view 
a) PCB connecting lead without transformation 
b) with step-down transformation 


2 
THE PRACTICAL CIRCUIT 


As the diagrams in 3 and 4 indicate, the surfaces 
carrying the greatest portion of the current in the 
tuned circuit are etched out in an exponential form 
on the PCB. The hot portion is mounted perpendi- 
cular to the etched PCB and consists of a coaxial 
arrangement of a 4 mm tuning plunger provided 
with a screw thread which runs through a 5 mm 
tapped bush all mounted in the centre of an 11 
mm dia. shield. This arrangement opens up quite 
new possibilities as the PCB with these tuned cir- 
cuits offers not only selectivity of the highest order 
but also a means of compensating reactive valu- 
es. Itis also possible to transform input and output 
impedance. 


A connection to the PCB conductor at the foot of 
the plunger assembly represents a tap located 
near the cold end of the tuned circuit, which ap- 
proaches the very low impedances of a transistor. 


If a tap is required nearer the hot end of the tuned 
circuit, the PCB portion is simply made broader 
(but this increases dielectric losses) or a top capa- 
city is added to the tuning plunger, thereby alte- 
ring the circuits L/C ratio. The two "floor pieces 
of the coaxial pot then having a greater share of 
the total circuit inductance. The SHF input and 
output connections are led-in at right angles to the 
leading edge of the floor-piece concerned, in ac- 
cordance with Fig. 4 (a and b correct, c incorrect). 
Supply voltage connections are taken to the circu- 
it as shown in 4 d, i. e. parallel to the ground por- 
tion of the tuned circuit. 
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The mechanical principle of the tuning plunger is 
shown in Fig. 5 whilst the dimensions of all parts 
are given in Fig. 6. The length of the tuning plun- 
ger is naturally, in accordance with the wave- 
length. Table 1 contains the values for the three 
amateur bands. 


Babel Soa, “Tehet 
Plunger 12mm 

Bush 10mm 

3. 

AN EXAMPLE 


Now for the pre-amplifier mentioned in the intro- 
duction to this article, the PCB and component 
layout of which are shown in Fig. 7, The two-sided 
PCB is made from glass-epoxy and measures 60 
x 27 mm. The use of this lossy material at SHF is 
made possible because the low impedance por- 
tions of the circuit remain on the PCB whereas the 
hot high impedance parts of the resonators are lo- 
cated in the integrated coaxial circuit in air. Also 
the separation of the other components can be 
kept to a minimum thanks to the non-radiating 
coaxial circuit. 


Fig. 8 shows a gain/frequency curve as measu- 
red by DB 2 IZ. The frequency markers are 2120, 
2320 (centre) and 2520 MHz. The 10 dB points 
have a bandwidth of 94 MHz. Finally a proposed 
method of sinking the source chip bypass capaci- 
tors into the PCB is shown in Fig. 9. 
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Fig. 6: 

Components: 

for the shield a piece of old te- 
lescopic antenna can be used, 
The length of the parts is given 
in Table 1 


el 
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Fig. 7: PCB and component layout for the amplifier 
of Fig. 1 


Fig. 8: Power gain/frequency characteristic of 
13-cm-amplifier of Figs. 1 and 7 
fia 2320 MHz; BW_ joan ~ 34 MHz. 
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Fig. 9: Grounding of GaAs-FET source connections 
via chip capacitors set into the PCB 
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Jochen Jirmann, DB 1 NV 


A 12-V-Mobile, Switched-Mode 


Power Supply (SMPS) 


Part 3 (Concluding) 


3. 
POWER SUPPLY CONSTRUCTION 


To begin with, a warning. 


A large portion of the power-supply works al 
mains potential and the isolation is provided by a 
‘small ferrite transformer. For this reason only ex- 
perienced constructors familiar with mains practi- 
ce (and in particular, mains transformer winding) 
should attempt this project. He should also have 
available either @ variable mains isolation trans- 
former (not an auto-transformer) or a 0-300 VDC 
mains isolated power supply and he should have 
already constructed a high-power supply. 


The anti-interference filler capacitors in particu- 
lar, should be in good condition and bear official 
approval marks from the national safety régulato- 
ry authority concerned (e. g. VDE, BS, IEC). Do 
not use junk-box components. 


The setting-up too, requires very careful use, and 
experience with an oscilloscope. Short-cut testing 
methods are definately not for this project. 


3.1. Wound Components 


Itis best to start the construction with the transfor- 
mer and choke. 


The choke L 1 is the easiest to fabricate using a 
transformer-kit (fig. 4) SM 55 consisting of alami- 
nated C-form cere. The two winding apertures 
shoutd be filled (leave a 1 or 2 mm air-gap) with 
Cul (enamelled copper wire) 0,7 mm dia and the 
winding ends terminated at the “correct* polarity, 
Pieces of 1,5 mm PCB or Paxolin can be used as 
spacers for the Slots between core parts and the 
1,5 mm air-gap. To prevent the choke from hum- 
ming, the core-halves together with spacers and 


}: Input choke L 1: Tnsfr. kit SM55 laminated 
core with twin coil bobbins, Both compart- 
ments filled (to within 1 — 2 mm) with 0,7 Cul 
windings. Air-gap: 1 mm. 
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coilbobbins, are assembled and glued with two- 
component adhesive and clamped in a vice. 


The transformer construction is more complica- 
ted (fig. 5). A bifilar winding consisting of a few 
metres of Cul (2 x 0,7 mm) is prepared for the pri- 
mary n 1, About 21 turns are wound for the first 
single winding layer in order that it completely fills 
the bobbin length. Two layers of insulation are 
wound over this layer. The demagnetization wit 
ding n 2 is wound centrally over this with 50 turns 
of 0,5 mm CuL. Then another two layers of insula- 
tion followed by a further 21 bifilar windings of n 1. 
Again, two layers of insulation followed by the fi- 
nal 8 turns of n 1, In Juxtaposition ton 1, now wind 
4 turns of 0,5 Cul. for the auxiliary supply winding 
13. Over these two windings come four layers of 
insulation. Ensure that all the winding tails are ful- 
ly insulated and terminated with the correct polari- 
ty indications (see dots in fig. 5). 


The secondary n 4 consists of ten 0,7 mm con- 
ductors twisted together which the author wrap- 
ped with teflon tape for extra insulation. The wind- 
ing n4 consists of 7 turns held in position by ad- 
hesive insulation tape, the ends are left flying but 
all ten conductors are cleared of enamel and sol- 
dered together. 


A core-half can now be put in and held with a 
spring fastener. A few pieces of paper form an air- 
gap and the second core half is inserted and se- 
cured with the clip. 


The choke L 2 consists of a core ETD 39 which 
has been wound with 15 turns of 10 x 0,7 mm 
twisted Cul. The air-gap should be 1 mm made 
from suitable insulation material. 


The base choke consists of a 0,5 W/0,47 2 metal- 
film resistor, upon which 12 turns of 0,5 mm Cul 
has been wound. 


All the cores can be glued later, following test- 
ing, in order to prevent them from vibrating in sym- 
pathy with the SSB modulation thus causing adis- 
torted audible sidetone. 


It an adjustable high-voltage supply is available, 
the insulation between primary and secondary of 
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capacitor 


ground 


Fig. 5: Main Transformer T: Core ETD 49 with paper 
thichness air-gap 
11:50 turns 2x 0,7 Cul parallel 
2:50 turns 0,5 Cul 
n 3:4 turns 0,5 CuL, 
4:7 turns 10x 0,7 CuL 


the transformer should be tested at 5 kV - no dis- 
cernable leakage-current should flow. 


3.1.1. Core Materials 


Input Choke L 1: Laminated SM 55 with two-part 
winding bobbin and PCB mounting. 


Power Transformer T: Core-kit ETD 49 (Valvo 
or Siemens) without air-gap and PCB mounting 
Core material designation, Valvo 3C8, Siemens 
N27. 


Output Choke L 2: Core-kit ETD 39 (Valvo or 
Siemens) either without air-gap with suitable 
spacing material (0,5 to 1 mm) or core with 1 mm 
air-gap. 

Output Interference Suppression Choke L 3, 
L4: Ferrite core 25 x 5 mm dia. each with 5 turns 
2-2.5mmCuL. 


Core Material e.g. 

Valvo tube core 4322 020 36810 
or rod core 4322 020 39450 

See para. 3.1. for winding details. 


3.1.2. Winding Details 
Input Choke L 1: Both compartments wound to 
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full capacity with 0,7 mm CuL (number of turns 
not critical) 


Power Transformer T: 


Primary ny: 50 turns 2 x 0,7 mm CuL, first layer 21 
turns, third layer 21 turns (demagnetising coil no 
between) and 8 turns in fourth layer. 
Demagnetising winding nz: 50 turns 0,5 mm CuL 
Auxiliary supply winding turns 0.5 mm Cul 
in layer 4. 

Mains insulation: 4 x transformer insulation foil, 
Winding layer insulation: 2 x transformer insula- 
tion foil. 

Secondary winding n4: 7 turns 10 x 0.7 mm CuL 
(twisted) 


Output Choke L 2: 15 tums 10 x 0,7 Cul 
(twisted) 


Output interference suppressor choke: 5 turns 
2mm CuL 
The winding diagrams are shown in figs. 4nd 5. 


3.2. Other Components 


Semi Conductors 


Te MJ 16010 (Motorola) or similar fast bi- 
polars with Very ~ 850 V, 
I; =5 A,B > 100r Power FET BUZ54 
(Siemens) or others with 
Vos = 850 V, In> 5A. 
T2: 2N2219 (fast switcher) or equivalent 
T3: 2N2905 (fast switcher) or equivalent 
T4: BF459 (Vcr = 300 V, lc = 50 mA) 
T5,T9: BCS547 or equivalent 
T6,T7, 


T 10, T 11: BC5S7 or equivalent 

1 Bridge rectifier 250 V(500 V), 1,8 A: B250 
¢ 1800 

3 fast diodes 800 V/0,4 A, BA 159 or equivalent 
2 fast diodes 800 V/1 A, BY 500-800 or equiva- 
lent 

5 Zener diodes ZPY 100 

2 Zener diodes ZPD 6,2 

1 Zener diode ZPD 9,1 

1 Zener diode TPD 2,7 

1 Zener diode ZPD 5.6 

2 fast power diodes BYW31 - 100 V (Motorola) 
(lp = 25 A, Vp = 100 V, t = 200 nsec) 


1 Thyristor 50 V/15 A 

Universal diodes 1N4148 or equivalent 

1 universal diode BAX14 (Ip = 400 mA) BAX 18 
1 opto coupler CQY80 (Telefunken) 

1 control IC TL494 (Texas, Motorola) 


Capacitors 
3 x 2200 pF 250 V VDE (foil or ceramic) 

1 x 0,22 F250 V VDE (foil) 

1x 0,22 F/630 V 

1x 47 nF/630 V 

2x 220 uF 385 V electrolytic (standing) 

2x 2200 pF 1500 V impulse-proof (bipolar 
version) or 680 pF 1000 V ceramic 

all other capacitors, foil at 100 V or electrolytics 
al25V 


Resistors 


1xNTC resistor K 231/4,7 2 or better K 232/33 2 
(Siemens) 

1x VDR resistor SO7 or S2@ K250 (Siemens) 
wirewound 7W/4W (Vitrohm otherwise carbon/ 
metalfilm 0,25 W if required 0,5 W RM10. 


Heatsinks 


Power Transistor: 2 finger-finned bolted to- 
gether or alu. diecast finger-finned 5 K/We. g. 
Fischer FK318 


Dioden: Heatsink 100 x 65 x 25 mm, e. g. 
Fischer SK 18 


Transistor heat sink about 50 K/W for driver 
2N2219 


3.3. Printed Circuit Board DB1NV 002 


The construction can now proceed in accordance 
with the circuit schematic and component layout 
(fig.6). There are however, a few points to watch:- 


The bipolar transistor version, now under consi- 
deration, has a slow-rise-network load resistance 
comprising three parallel 3,9 2 /7 W resistors. In 
order to prevent scorching of the PCB and heating 
of the power transistor, these resistors should be 
arranged to be physically above the component 
plane. This is accomplished by soldering two 5 cm 
long pieces of 1.5 mm wire in the solder points on 
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choke 


Le 


Secondary diode rectifier 
heat-sink 


OB 1 NV 002 


~ yndjno+- 


Fig. 6: Component plan and conductor bands of 37 single-sided 280 mm x 190 mm DB1NV 002 PCB for 
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switched-mode supply 
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Fig. 7: Test construction of SMPS DBINV 002 


the PCB. The resistors are then soldered bet- 
ween, ladder-fashion, with a 2 cm clearance to 
the PCB's surface. This may be seen from the 
photo fig. 7 of the underside of the prototype. 


The “high-current” wiring of the transformer se- 
condary is not taken via PCB tracks but directly to 
the capacitor connections and secured with M 4 
brass screws, the heads of which, are soldered to 
the PCB tracks. The photo should indicate the 
general arrangement 


The damping components of the secondary dio- 
des are connected with one end to a solder-tab 
‘screwed to the heatsink and the other end directly 
to the diode anode. 


The suppression filter capacitors at the DC output 


are also connected directly to the component ter- 
minals. For chokes 3 and L 4 there are two sug- 
gestions: 

either slip two suitable sized tubes over the con- 
ductors or use transformer paper and secure with 
3 to 5 turns of 2,5 mm Cul. 


itis of great importance that the reed relay, used 
to initiate the slow-start at the moment of ignition 
of the over-voltage protection thyristor, is correct- 
ly provided. Two Litz-connecting wires are care- 
fully soldered to a large (| = 40 mm) reed contact 
and insulated with heat-shrink tubing. In the mid- 
dle of the reed contact 3 to 4 turns of 1 mm Cul 
wire are wound which form the excitation-coil in 
the thyristor's cathode. The windings are secured 
with two-component glue to the contact before the 
assembly is pressed into service. 
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The simplest form of housing is provided by a 
U-formed chassis of 1,5 mm aluminium plate with 
a cover of thin perforated sheet. It is recommen- 
ded that the chassis is stiffened by two square 
cross-section (8 x 8 mm) lengths of aluminium as 
shewn in fig. 7. 


4. 
ADJUSTMENTS 


Before the completed supply can be used, it must 
be very carefully adjusted and tested. For this, an 
oscilloscope, an adjustable isolation transformer 
and a current limited test, DC power supply 0 - 20 
VI0,5 Aare required. 


The over-voltage protection on the secondary 
side is adjusted first by applying 15 to 16 V to the 
output terminals and adjusting P 3 so that the 
thyristor fires at 15,5 V and the output voltage is 
thereby short-circuited. 


With P 1 and P 2 set to mid-position, the test- 
supply is connected between pin 11/12 (+ Ve) 
and pin 7 of the TL494. The oscilloscope is con- 
nected to pin 5 of the TL494. The test-supply vol- 
tage is slowly raised from zero to about 12 V. Ata 
potential of 7 to 8 V a saw-tooth waveform should 
be seen at a frequency of 100 to 120 kHz. 


The oscilloscope is then connected to pin 10, 
which is at this time, at ground potential. Increas- 
ing the test-supply voltage to just above 12 V (the 
over-voltage protection threshold) a square wave 
train Is displayed which has a frequency of 50 to 
60 kHz with a duty-cycle varying between zero 
(shut down) to almost 50 % (full output), When a 
short-circuit of the reed-relay occurs the impulses 
disappear and when it is removed the duty-cycle 
increases to almost 50 % thus providing the 
necessary slow start, 


The same puise train is to be seen at a lower am- 
plitude at the base of the switching transistor. 
Check also the reference voltage of 5 V at pin 14 
of the TL494, 

The high voltage portion will now be tested; — 
The test-supply is disconnected and the base of 
T 4 connected to the emitter of T 5. The collector 
resistor of T 4 is also disconnected. This puts the 
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starting circuits out of action. 


The power-supply is now connected via a variable 
isolation transformer to the mains supply and the 
voltage slowly raised. The input current should be 
about 20 mA at 220 VAC representing mostly the 
reactive current through C 2. The reservoir capa- 
citor then has a voltage of about 300 V across it. 


The start circuits are now rendered operational 
again (but wait for the charge on C 5 and C 6 to 
decay) and the input supply raised once more to 
220 VAC. The output voltage is then adjusted to 
about 13 V by means of P 2. and the current-limiter 
to 20 Awith P 1. 


When doing this, the current limiting foldback 
characteristic must be taken into account. This 
facility reduces the over-current in the output cir- 
cuit to long-term, safe proportions. it can also pre- 
vent the power supply from feeding low resistan- 
ce loads, such as incandescent lamps, under test 
conditions. In normal use, (transceiver switched 
to receive) the power supply starts reliably with to 
5 A initial load. 


5. 
HOUSING AND OPERATION 


The PCB should be installed in a screened metal 
enclosure as may be seen in the picture of the 
prototype. The construction does not need to be 
absolutely “watertight* because of the relatively 
low frequency of the interference likely to be pre- 
sent. The radiation of internally generated interfe- 
rence is dependent mainly upon the power being 
supplied. 


The mains filter, mains on/off switch and output 
terminals may be mounted on the side wall of the 
chassis. It should be mentioned again, at this 
stage, that the suppression components on the 
PCB represent only the minimum necessary 
which, in any case, should be completed with a 
good mains filter. 


The rectifier and transistor heat-sinks are gene- 
rously dimensioned for “normal” radio communi- 
cation operation and should work continuously at 
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T2 


INA NB 


DBINV 002a 


Fig, 8: Component alterations for MOSFET version 


10 to 15 A under good ventilation conditions. 
‘Should continuous full loads of 20 A be required 
athigher ambient temperatures, larger heat-sinks 
or forced-air cooling should be provided. 


6. 
ALTERNATIVE PROVISION 
OF POWER-FET 


The PCB has been provided with the means by 
which a power-FET may be fitted with the mini- 
mum of alteration. The power-FET chosen for the 
prototype was the Siemens BUZ 54A Vos = 800 
V, los = 4A. As the circuit-extract of fig. 8 shows, 
the driver stage is merely wired differently, the 
anti-saturation components are not required and 
the drain RCD network components are con- 
siderably smaller. Whereas the bipolar transistor 
losses arise mainly from the finate switching 
times and are not so dependent upon the load, the 
FET losses are almost entirely Ip® losses which 
‘occur during the conducting period of the FET. It 
is therefore to be expected that the FET with a 
light load-current, works at the higher efficiency 
and that the bipolar efficiency is greatest at full 
load. In between these extremes, both types of 
transistors behave in the same manner as may be 
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confirmed by the data in the following paragraph. 


rf 
MEASURED VALVES AND 
USER EXPERIENCE 


Prototypes of both FET and bipolar versions of 
the switched-mode-power-supply were construc- 
ted and tested. The following data was obtained. 
Mains input 220 VAC. Output voltage 13 VDC 
Quiescent current (bipolar) = 15,5 W 

Quiescent current (FET) = 8W 


Table 1 shows the comparative efficiencies of 
both supplies at various load currents, 


I/Amps 


% 
bipolar 


/% 78 89 93 91 87 


Tablet 
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Asit can be seen, the FET versionis slightly more 
efficient under partly loaded conditions. The 
switch-on surge current of the supply was limited 
to about 10 A by a thermistor, Without the thermis- 
tor and with only the input choke, the surge cur- 
rent rose to 30 A. The periodic peak current from 
the mains supply was about 4 A at full load. With 
the heatsinks as shown in the photograph, the im- 
portant components such as switching-transistor, 
secondary diodes, transformer and choke 
reached a temperature of 50° C under 10 A load 
conditions. Only the slow-rise network resistor 
was warmer with a temperature of 80° C. After 
these tests were conducted, both supplies were 
put into service by DL 8 MX, The “test load was 
an ICOM IC 730 with a L7B power amplifier into a 
Periodic-7 beam, Despite the close proximity of 
the power supply to the radio equipment ~ it was 
laid directly on the PA in order that the 12 V cables 


would be of minimum length — no signs of HF in- 
terference was apparent on any band, Using the 
TS 930 receiver portion there was also no eviden- 
ce of power-supply switching frequency harmo- 
nics, Experiments with VHF/UHF transcelvers 
and PAs were also as successful, The only 
source of annoyance was the distorted sidetone, 
which was to be heard from the ferrite cores, 
which had not been glued on the prototype. 


Summary 


With normal over-the-counter components, a 
12 V switched-mode-power-supply (SMPS) with 
an overall size of 300 x 200 x 70 mm’ and just3 kg 
in weight can be realised. It may be used to supply 
all the customary transceivers with the necessary 
freedom from either unwanted radiations or from 
mal-function arising from RF fields. 


New Interdigital Bandpass Filters 


4-stage, sealed bandpass filters for 
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz 
centre frequencies, 


3 dB bandwidth: 1 12 MHz 
Passband insertion loss: 1.5 dB 
Attenuation at + 24 MHz. 40 dB 
Attenuation at +} 33 MHz: 60 dB 
Return loss: 20 dB 
Dimensions (mm) 140 x 70 x 26 


Ideal for installation between first and second pre- 
amplifier or in front of the mixer for suppression of 
image noise, and interference from UHF-TV 
transmitters and out-of-band Radar Stations. Also 
very advisable at the output of a frequency multi- 
plier chain, or behind a transmit mixer. 


(UI 


Price: DM 178.— 


Please list required 
} i centre frequency on 
/ \ ordering 


iberichte terry D. Bittan « Jahnstr. 14 - Postfach 80 - D-8523 Baiersdort 


Tel. West Germany 9133-855. For Representa 
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Drs. Tjapke Knoeff, PAO 


FM/AM Converter for Facsimile Reception 
and Picture Display with the YU3UMV 


Picture-Store 


This small circuit converts the frequency- 
modulated transmitted facsimile (FAX) signal 
into an amplitude-modulated 2400 Hz tone. 
This enables the well-known weather satellite, 
picture-store (WEFAX) module YU3UMV 001/ 
002, to be used for these transmissions. 


CONCEPT 


The WEFAX picture-store described in (1) is ac- 
tuated by an amplitude-modulated 2400 Hz tone 
from the radio receiver. In order that the picture- 
store may be used, without modification, for 
FM FAX transmissions, the following module is 
employed to convert the receiver FM output into a 
suitable AM output. Naturally, there are circuits 
concepts which would route the signal around the 
AM stage directly to the analog/digital converter, 
but that would entail alteration to the circuitry of 
YU3UMV 001, and the objectis, to avoid that. The 
concept to be followed also has the advantage 
that with separate converters, the recovered AM 
signal can be stored on an ordinary cassette-re- 
corder. This is not possible with the demodulated 
FM signal because the 2400 Hz tone is used for 
picture store synchronization. 


2. 
CIRCUIT DETAILS 


Figure 1 shows the simple circuit of this small mo- 
dule. The incomming FM signal deviates - 400 
Hz from a carrier whose mid-frequency is 1900 
Hz, i. e. 1500 Hz represents the black and 2300 
Hz represents the white on the picture to be dis- 
played. 


The Plessey SL 1626is an integrated compressor 
with a large degree of regulation which effectively 
suppresses all traces of amplitude-modulation, 
which may be present on the received FM signal. 
The four-stage, 10 k0./ 4,7nF AF low-pass filter 
exhibits a 12 dB per octave attenuation above 
about 2400 Hz. Its purpose is to limit the effect of 
impulse and sideband noise from the circuits 
which follow. The output from the third, LM 324 
amplifier, IC 3 is fed to the PLL demodulation 
LM 565. The VCO frequency is determined by R 1 
and C 1 at 1900 Hz according to the formula: — 


fyco = 12,7 Ri Cs) 
This frequency may be checked at (high impe- 
pance) pins 4 and 5 of the LMS65. 


The demodulated signal encounters a further low- 
pass filter (R 2, C 2, C 3), before being amplified 
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= 4 Fig. 2: 
PCB for circuit 
diagram of fig. 1 


Tape 
AM out 


2400He 
out 


by a fourth op. amp. 4C 4. ACA 3080 functions as _ lites. The trimmer C 4 is adjusted in order that the 
a modulator at 2400 Hz, this frequency being de- METEOR picture is exactly vertical on the monitor 
rived from a 2,4576 MHz crystal by a 1024 divider. screen. A tape output is provided via a 22 k (iso- 
The 2400 Hz tone is taken to an auxiliary output lating resistor, enabling the AM signal to be recor- 
for synchronization of METEOR weather satel- ded. 


Fig. 3: 
Acompleted 
‘example of the 
converter 
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3. 
CONSTRUCTION 


A single-sided PCB 75 x 75 mm has been de- 
signed for this circuit and is shown in fig. 2. A 
completed example is shown in the photograph of 
fig. 3. A few words about the components: The 
crystal is provided with a holder HC-6/U and the 
oscillator and filter capacitors are foil-types with a 
pin-spacing of 7,5 mm. The three trim-pots are 
upright types with a pin-spacing of 5/2,5 mm and 
the trimmer capacitor C 4 can have a diameter up 
to 10 mm. 


4, 
CONCLUDING COMMENTS 


To check and to demonstrate the function of this 
converter with the YU3UMV picture-store, the 
professional station Bracknell (3,2895 MHz), 
DPA (139,6 kHz) or DCF 64 are suitable. They 
send photographs and weather satellite pictures, 


but sometimes with a frequency deviation of only 
150 Hz. The trimmers R 3 and R 4 then have to be 
readjusted, 


Should the picture appear negative on the moni- 
tor screen the other sideband of the received 
signal should be selected, It is surprising how 
even scarcely audible, QRM-plagued signals are 
still capable of delivering a recognisable picture. 


5. 
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The METEOSAT-monitor can easily be made 
to display a sector which is only 1000 km 
square. 


The YU3UMV digital picture store, universally 
used by radio amateurs, is easily modified in or- 
der that a X4 magnified sector appears on the 
screen. It functions without any geometrical 
distortion with METEOSAT and METEOR trans- 
missions at 240 lines per minute. 

— The x0,5 function is sacrificed and this switch 
contact is instead connected to the sync.-fre- 
quencyof 38,4 kHz. 

— A turther switch contact is required in order to 
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connect | 219 pin 6 (YUSUMV 002) to ground 
This prevents the lines being written on top of 
‘one another. 

Some equipment had to be modified in order to 
increase the sync.-frequency of the AD-conver- 
ter ADC 0804 to enable a clean conversion at 
the new rate of 208 ns per pixel. 


One requires, of course, some operating expe- 
rience in this mode in order to slide the horizontal 
start point onto the required strip of interest. An 
adjustable (switchable) monoflop which delays 
the line pulse to the desired point can help in this 
respect. 
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Polarization Performance of 
Circularly Polarized Antennas 


In the early days of radio-amateur experiments, 
all long distance contacts were made in the high 
frequency range using skywaves. Since the |o- 
nosphere also has a very strong influence on the 
polarization of radio waves (Faraday rotation and 
other effects) and the ionosphere itself is con- 
tinuously changing, there is no easily observable 
relationship between the polarization of the 
transmitted wave and the polarization of the re- 
ceived wave. As a consequence, little if any, care 
was taken about the polarization of the antennas 
used. In the VHF and higher frequency ranges, 
most contacts are made in line of sight, or almost 
line of sight conditions and the relationship be- 
tween the polarizations of the transmitted and re- 
ceived waves can easily be observed. 


Most amateurs only use horzontal linear po- 
larization for long distance SSB/CW contacts 
and vertical linear polarization for local / re- 
peater FM contacts, In tl elite communi- 
cations field and in some other more speciali- 
zed areas, circular polarization, either right- 
hand or lefthand or both are used. Of course, 
there is no “ideal polarization but one can al- 
ways find a polarization that is the most sul- 
table for a particular application. 


CIRCULAR POLARIZATION AND 
ITS PROBLEMS 


The theory states that, given an arbitrary polariza- 
tion one can always find a polarization orthogonal 
to this polarization. The word orthogonal does not 
necessarily have a geometrical meaning (as in 
the case of horizontal and vertical linear polariza- 
tions), it simply says that two orthogonally polari- 
zed waves are completely independent: using 
suitable equipment two independent information 
channels can be carried in the same frequency 
band without mutual interference. On the other 
hand, this means that it is not possible to build an 
universal antenna with a single output capable of 
receiving any incoming wave without any switch- 
ing, or any other changes in the antenna itself. 
The theory also states any arbitrary polarized 
wave can always be generated as a complex 
weighted sum of two orthogonally polarized 
waves. 


With a couple of orthogonally polarized antennas 
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‘one can therefore receive and transmit with any 
polarization! 


In a typical radio link there are many causes that 
affect the polarization of the signal and as a con- 
‘sequence its performance. These can be divided 
into two groups: propagation path effects and in- 
accuracies of the two antennas. While little can be 
done to counter the propagation path effects, the 
construction, alignment and testing of suitable 


the desired wave and the unwanted orthogonally 
polarized wave, which is also called cross polan- 
zation rejection ratio (CPR) and is usually given 
indB. 


In the VHF and lower UHF frequency range popu- 
lar linearty polarized antennas such as dipoles, 
yagis, log periodics, and various arrays of these 
antennas, usually have a very good CPRR. The 
thin wire (rod) structure of these antennas forces 
the RF currents to flow along the wires (rods), 
therefore it is quite easy to control the direction of 
the generated E field. Since a good CPRR is al- 


On the other hand, it is considerably more difficult 
to make a good circularly polarized antenna. A 
Jong helix (10 turns) may have the CPRR as poor 
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as 15dB. If circular polarization is to be obtained 
from two orthogonally linearly polarized antennas 
(yagis), just a slight mismatch in the feeding net- 
work may cause an even worse CPRR. 

In a perfect circularly polarized wave, the E field 
vector describes a perfect circle. However, if a 
‘small amount of the orthogonally polarized circu- 
lar component is present, the E vector no longer 
describes a circle, it describes an ellipse. The 
axial ratio (AR) of this ellipse represents another 
way to describe the polarization performance of a 
circularly polarized antenna. The axial ratio (AR) 
also is usually given in dB. lis main advantage 
over the CPRR is that it can be easily measured 
using a linearly polarized probe 


The relationship between the AR and CPRR be- 
comes very simple if both of them are expressed 
iin linear units (voltage or E-field ratios, not dB!): 


CPRR+1 
AR= 


CPRR-1 


In the VHF range the dimensions of a helix anten- 
na. in particular its reflector, become unpractically 
large. A practical solution to obtain circular polari- 
Zation is to use a pair of properly fed, crossed di- 
poles or yagis. Usually it is only necessary to pro- 
vide an additional 90° phase shift for one of the 
two antennas, either using a 1/4 longer (or shor- 
ter) feediine (fig. 1.) or physically shifting one an- 
tenna. 


Fig. 1; 
Feeding two linearly polarized 
antennas with different length 
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Te antemo 1 Fige2: 
X Feeding two linearly polarized 
0 tines antennas with @ 90° power di- 
| ot equa! length vider (coupler) to obtain cireu- 
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Of course, to obtain a good circular polarization 
the two antennas must be practically identical 
This is especially important in the case of toleran- 
ce sensitive yagi antennas: note that the two an- 
tennas must be matched both in amplitude and in 
phase! Unfortunately a careful mechanical con- 
struction of the antennas and a correct installation 
{using rods or tubes made of insulating material 
for all the support structures which are not per- 
pendicular to the generated E field) are necessary 
but not sufficient to obtain a good circular polari- 
zation. 


To obtain a 90° phase shift, most amateurs sim- 
ply connect the two feediines (one being 1/4 
longer than the other) in parallel and then match 
the impedance obtained to the impedance of the 
transmitter or receiver with a suitable 1/4 trans- 
former (fig. 1). A perfect circular polarization is 
obtained only if both antennas are pertectly 
matched to their feedlines. Just a slight mismatch 
of one or both antennas will cause a very poor 
axial ratio, Since the two antennas must be of 
identical construction, one can also expect a 
similar reflection coefficient or SWR, At the other 
end of the two feediines, the reflection coefficients 
are still similar in amplitude, but due to the diffe- 
rent lengths of the feedlines their phases differ by 
almost 180°, This causes an unequal power divi- 
sion, both in amplitude and in phase. Since the 
two antennas are not fed with equal amplitude 
signals and the phase between the signals is not 
90°, the resulting wave will certainly not be per- 
fectly circularly polarized. 


Assuming that the two antennas are completely 
identical and thus have the same SWR and that 


the losses in the feedlines are zero, the expres- 
sion to evaluate the axial ratio (AR) becomes very 
simple: the AR is directly proportional to the SWR: 


AR ~ VSWR 
AR[dB} = 20 log VSWR 


But what is the practical meaning of this result? A 
‘VSWR value of 2 is usually still accepted alt the 
band limits of a certain antenna. Two such anten- 
nas will however give a very poor axial ratio of 6 
4B! This highly elliptical polarization, is actually 
almost closer to linear polarization than to circular 
polarization, 


if the antenna system has to operate in a wider 
frequency range and variations of the SWR 
across the frequency band can hardly be avoided, 
then a 90° power divider has to be used as the 
feeding network with the fourth (difference) port 
terminated with a resistor (fig. 2). The main disad- 
vantage of this solution is that part of the transmit 
ter power is dissipated in the terminating resistor. 
Most amateur antennas only work over very 
narrow frequency bands, therefore even the 
simple feeding network with different cable 
lengths (fig. 1) can be adjusted to give a good 
circular polarization. Of course, one should be 
able to measure SWR with a reasonable ac- 
curacy. Note that many low cost reflectometers 
available on the amateur market, marked 3 to 150 
MHz on the front panel, show a SWR of 1,5 or 
even 2 when terminated with a precision micro- 
wave 50 1 resistor at 144 MHz! Therefore, before 
starting any adjustments check the accuracy of 
your SWR meter! 
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Fig. 3: 
Feeding two linearly polarized 


2. 
A PRACTICAL PROPOSAL 


On a practical note, | would like to demonstrate a 
very simple method to obtain a 90° phase shift 
and a perfect impedance match of two orthogo- 
nally polarized 50 {) antennas to a 50 © source. 
If the antenna system is only used for reception 
and/or for low power transmission up to 50-100 
W, the required phase shift and impedance match 
can easily be achieved by two lumped compo- 
nents (fig. 3). A reactance of -| 50 £2 corresponds 
at 145 MHz to a capacitor of 22pF. Aj 50 2 induc- 
tor can easily be found with a GDM, since it must 
resonate at the operating frequency with the ca- 
pacitor, A perfect impedance match to a 50 
transmitter is guaranteed since: 


YU3UMV ia 
aaa 
1 sony 
1 ——=+;——— man 
1 1 ‘50-1. line 
| ' 
! ' 
He t ison’ 
a) 


antennas with a matching net- 
work made of lumped com- 
ponents to obtain circular po- 
larization. 


22. i 
Zilfzee A (50 + j50) (50 — j50) 
ZZ (50 + j50) + (50 ~ j50) 
2500 ~ j:j-2500 5000 
sa; Sore EOL 500 
100 100 


If switching between RHCP and LHCP is re- 
quired the circuit has to be modified according to 
fig.4, Note that a single switching contact is re- 
‘quired and that the stray capacitance between the 
open contacts should be subtracted from the cal- 
culated value. 

The whole circuit becomes even more simple if 
the two antennas are fed with a “gamma-match”. 
A gamma-match already requires a series capa- 
citor to tune the antenna to 50 ©. It is only neces- 


(it require} 


Fig. 4: 
2 Modified circuit to enable 
switching between RHCP and 
LHCP. 
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antenna 1 


sary to modify the values of these capacitors and 
then simply connect the two antennas in parallel 
toget a 90" phase shift and 50 0 generator match- 
ing at the same time (fig. 5). 


The procedure to align the two variable capacitors 

is as follows: 

1.) Connect only one antenna to the transmitier 
and by adjusting both the variable capacitor. 
and the dimensions of the "gamma-match”, an 
SWR of 1 should be obtained. 

2.) Connect only the other antenna and repeat the 
same procedure as in step 1.) to obtain an 
SWR of 1. If about the same dimensions and 
capacitance of the "gamma-match” are obtai- 
ned, it is a verification that the two antennas 
are sufficiently similar. 

3.) Now both antennas are matched to 50 0 each, 
any further adjustments will only affect the 
capacitors. 


4) Connect the antenna that should receive a 
~45° phase shift (lag) and detune the capacitor, 
increasing its value to obtain a SWR 2.62 
which now corresponds to an impedance of 
(50 + j50) ©. If a SWRA of 2.62 cannot be ob- 
tained even with very high capacity values, the 
capacitor has to be replaced with an inductor. 
An alternative but more elegant solution, is to 
build the "gamma-match” using a thinner wire 
and repeat steps 1.), 2.), 3.) and 4.). 

5.) Connect the other antenna that should receive 
a +45° phase shift (lead) and detune the 
capacitor, decreasing its value to obtain a 
SWR 2.62 which now corresponds to an impe- 
dance of (50-j50) ©. 

6.) Connect both antennas in parallel and verify 
that the SWR is close to 1. 

7.) Check wether you have obtained the desired 
polarization, either RHCP or LHCP, since it is 
very easy to make mistakes with the phases of 
the individual antennas. 
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The Directional Coupler 
Function and Use 


By means of the directional coupler, the re- 
flection from amplifier inputs, impedances, 
and in particular, from transmitter antennas 
can be determined. If the coupling coefficient 
is known, this measurement device is suitable 
for the measurement of transmitted power The arrangement in Fig. 1 consists of two direc- 


45, 
TEST SET-UP 


and the reflected power from the antenna. tional couplers connected in series, and a signal 
coupler 1 coupler 2 
main arm test-item 
aux.arm housing inifannd 
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from ee oo 7 a et imme 
sender 2 J 
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i 
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Fig. 1: Reflection coefficient measurement set-up 
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generator. The signal is fed to the input of one of 
the couplers. The item-under-test (IUT) is con- 
nected to the output of the second coupler. Each 
coupler has a third connection, the so-called 
coupled output, which is used for the measure- 
ment. The fourth connection is terminated in Z. 


1.1. Coupler Construction and Function 


A directional coupler has a so-called main arm 
and an auxiliary arm. Both are mutually coupled 
such that a fraction of the power in the main arm 
is coupled into the auxiliary arm, The peculiarity 
of the directional coupler is that the coupled 
power is not available at either one and/or other 
of the auxiliary arm connections but only at one, 
the other output being “completely* decoupled. 
The question of which is the coupled and which is 
the decoupled output depends entirely upon the 
direction of power flow in the main arm! The rea- 
son for the existence of a decoupled output lies in 
the mixed coupling, namely capacitive and 
inductive coupling between main arm and auxi- 
liary arm, 


1.2, Basic Diagram 


The main arm (Fig. 2) lies between connections 1 
and 2 and the auxiliary arm between 3 and 4. The 
larger the separation between main and auxiliary 
arm, the smaller the coupling coefficient is, i.e. 
the greater the coupling loss (20 log /k, dB). The 


coupling 
main induct. coupling 
vam, Fezone 4 me 


my tetas 
Sein - 


aa peat 
aux.arm toy iM . 
coupled SS tine 


output output 
Ves 9 7Ve 


Fig. 2: The coupler's basic diagram 


source voltage V;,,q at (1) produces a power flow 
to output (2) which is terminated in either the 
antenna or a second coupler. Vjyq produces by 
means of capacitive coupling a voltage which is 
uniformly distributed along the auxiliary arm with 
respect to (w.r.t.) to ground, and in particular at 
points 3 and 4 has the same direction w.r.t. 
ground. The signal due to inductive coupling is, 
however, different. The main and auxiliary arms 
may be considered as being the primary and 
secondary of a transformer in which the voltage 
across the primary is induced into the secondary 
V,. The terminations at outputs 3 and 4 form 
together with the auxiliary arm itself a bridge cir- 
cuit across which the secondary voltage V, di- 
vides equally between outputs 3 and 4 with the 
directions shown in Fig. 2. It may be seen that at 
4 the voltages V, and V, are anti-phase, and at 
port 3 are in phase. By suitable physical dimen- 
sioning, V, and V,, can be made equal and there- 
fore add at port 3, the output port, and cancel 
each other at the decoupled, terminated port 4. 


Example 


A transmitter delivers 10 W in 50 Q. Its output is 
connected to a directional coupler with a coup- 
ling loss of 20 dB. What is the voltage in the main 
arm? What is the voltage in the coupled output? 


Solution 


Voltage in main armV, = V10Wx500 ~22.4V 
Coupling coefficient: 20 dB means a voltage ratio 
10: 1. The coupling coefficient is then 1/10 = 0.1. 
At the coupled output the voltage V, ~ 22.4 V x 
0.1 = 2.24 V (across a coupled output port impe- 
dance of 50 12) 


1.3. Frequency Dependence of Coupling 
Coefficient 

The coupling coefficient k, and with it the coup- 
ling loss, is not constant but dependent upon fre- 
quency, as Fig. 3 shows. The maximum coupling 
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Fig. 3: Frequency dependence of coupling 
coetticient k = VV; 


coefficient Kj, is obtained when the “coupling 
zone" is suitably dimensioned. The coupling 
zone Is the length of the coupler conductors over 
which coupling takes place. Maximum coupling 
Kmnax Occurs when the coupling zone is a quarter 
wavelength. At low frequencies this means very 
large coupler lengths particularly when the 
coupled conductors are spaced in air and no 
reduction due to velocity factor is possible. 


Example 


Length of a 1/4 coupler at 145 MHz: 
a) Insulation air, 
b) Polyethylene ? 


Solution 


h=2m 

a) Coupler length 2m x 1/4 = 50cm 

b) Velocity factor for PE is 0,66 therefore coupling 
length is only 50 cm x 0,66 = 33 cm. 


Fig. 3 shows that a coupler is not broadband inas- 
much that it may be dimensioned for one frequen- 
cy and used at another frequency with the same 
facility. It has at other frequencies, among other 
considerations, a different coupling loss. 


Example 


A quarter-wave coupler has been designed for a 
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mid-band frequency of 435 MHz ata coupling loss 

of 20dB. 

a) To which Kn, does this correspond? 

b) The coupler is also used at 145 MHz. What is 
the coupling loss at this frequency? 


Solution 
€) Kyngy = 1/1070 = 0.1 
b) At small coupling coefficients Ka, the curvesin 
Fig. 3 approximate a sinewave 
K = Kmax X SiN(90° f/fg), 
where fy is the mid-band frequency of the quarter- 
wave coupler, This results in an actual coupling 
coefficient at 145 MHz of; 
k = 0.1 x sin (90° x 145 MHz/435 MHz) = 0,05, 


This corresponds to a coupling loss of 26 dB, i.e, 6 
dB more than at fo! 


NOTE: The exact formula for the coupling coetfi- 
cient V/V, is 


k Kinax % SiN (90° x f/f) 


V1~K max? x COS" (90" x 1) 


and results in the curves given in Fig. 3. Inorderto 
calculate the mid-band frequency fy from the gi- 
ven coupling zone length |, and the velocity factor 
Vix the following formula is used: 


cxVy 


4xk 


whore cis the velocity of light 300 x 108 mis 


2. 
APPLICATION 


2.1. Measurement of the Reflection Coeffi- 
cient (Fig. 1) 


Two identical couplers are used with the same 
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coupling coefficient k. A voltage kx V,,,. Propor- 
tional to the forward wave, is measured at an out- 
putof coupler 1. Atthe output of coupler 2, avolta- 
ge k X Vigce Proportional to the reflected voltage 
Voack 1S Measured. From the ratio k X Vesew/k x 
Ving the coefficient k is cancelled out leaving the 
“Reflection Coefficient” r. 


6 = Vacs Vie 


In many test set-ups the outputs from the coupled 
ports are taken via diode rectifiers to potentiome- 
ters the wipers of which are connected to meters. 
The wipers are ganged mechanically such that if 
the forward meter for k x V,,.; iS adjusted to full 
scale deflection (FSD) the meter kX Vigcx will inci- 
cate, as a proportional deflection, the reflection 
coefficient directly (assuming that both diodes are 
linear), 


With well matched loads the reflected wave am- 
plitude is much smaller than the forward wave. In 
order to obtain a sufficient sample voltage tomea- 
sure the return wave, a directional coupler with 
lower coupling loss is frequently employed at 
transmitter sites. 


NOTE: In principle it is possible to use only one 
coupler, whereby port 4 serves to measure the re- 
turn wave and port 3 the forward wave. The great 
danger with this practice is that the output ports 
are not optimally matched due to the rectifier cir- 
cuit, This leads to large errors in the measure- 
ment of the return wave (see also “Directivity"). 


2,2, Transmitted Power Measurement 


Even when the antenna feeder Is lossless, the 
power radiated is not necessarily that of the 
transmitter output power. The difference bet- 
ween both powers is all the more when the 
antenna system is badly matched to the trans- 


mitter, i.e. the greater the reflection coefficient is. 
Prerequisite for a measurement according to Fig. 
1 is a coincidence of the characteristic impe- 
dance of the directional coupler, the terminating 
resistances of the coupler outputs, and the inter- 
nal impedance of the transmitter. The r.m.s. vol- 
tage output of the coupled port is divided by the 
coupling coefficient k in order to obtain the for- 
ward voltage Vy,q across the main arm. The 
absolute value of k must be known which was not 
the case for the reflection coefficient measure- 
ment. The forward power is then Pru = (Viyc)*/ 
Z. This is the maximum available power from the 
transmitter. According to the match at the 
antenna, a voltage is received at the coupling 
output of the second coupler which is proportio- 
nal to the retum wave. If this is also divided by the 
coupling coefficient k, the amplitude of the return 
wave Viss in the main arm is obtained. The 
return power is calculated from (Visacs)°/Z- 

The term (P,,.,)°/Z is practically a reactive 
power that is reflected as a result of a poor mis- 
match at the antenna. Since {V;,,q)"/Z is the maxi- 
mal available power from the generator, one can 
transpose the formula thus: 


P=P,,,(1-7). 


Example: 


The coupler for the measurement of the forward 
wave has a coupling loss of 30 dB (k; = 0.032) 
and that for the measurement of the return wave 
has acoupling loss of 20 dB (k, ~ 0.1). At the cou~ 
pled port output an RMS voltage of 960 mV is 
measured and at the output of the second coup- 
ler a reflected sample voltage of 1 V RMS is mea- 
sured. The measurement system works with an 
impedance of Z = 50 42. Feeder losses are not 
taken into account. How much power is radia~ 
ted? 


Solution: 


First coupler: Forward wave in main arm Viwes = 
960 mV/0.032 = 30 V. 
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Second coupler: Return wave in main arm Visgcy = 
1VW/0.1 = 10V. 

Forward power: (30 Vj/50 0. = 18 W 

Reflected power: (10 V)?/50 2-2 W 

Radiated power from antenna is 
P=18W-2W=16W 


NOTE: Due to the different coupling losses, a 
higher voltage appears at the second coupled 
port in the example than from the first coupler’s 
coupled port. This does not indicate that the 
return wave is greater than the forward as it might 
be easily recognized from comparison of the vol- 
tages in the main arm. 10 V to 30 V means reflec- 
tion coefficient of the antenna of 0.33 (33 %). 
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Fig. 4: 
Reflection coefficient and 
power measurement set-up 
with directional couplers 


diode 
measuring 
head 


coupler 1 


Despite this, the reflected powers not so signifi- 
cant since it is proportional to the square of the 
reflection coefficient. Fig. 4 presents a reflection 
coefficient and power measurements test set-up 
as used at the Electronic School in Tettnang. The 
nominal frequency range of the 20 dB coupler is 
2 to 4 GHz. In Fig. 4 they are used for a power 
measurement at 435 MHz. 


3. 
DIRECTIVITY 


Due to physical tolerances and non-ideal mat- 
ching at the coupled ports, it is impossible that 
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the decoupled port supplies absolutely no out- 
put. In fact, there appears a voltage but a very 
much smaller voltage than at the coupled port. 
The ratio of the two auxiliary arm voltages 
expressed in dB gives the “directivity* which is at 
least 40 dB for good couplers. 


When measuring the forward wave, the conside- 
ration of directivity is of practically no interest as 
‘the decoupled portis not used since the reflected 
wave is measured in a separate second coupler. 
The situation is different with the second coupler 
which is used to measure a very much smaller 
reflected wave. As the wave flow in the main arm 
is in the opposite direction, the measurement 
Port for the reflected wave is simultaneously the 
“decoupled” port for the forward wave. Should 
the decoupling be insufficient relative to the for- 
ward wave, i.e. the directivity Is too small, an 
interfering signal is present at this port which is 
‘superimposed on the wanted return wave lea- 
ding to very large errors in the measurement. A 
numerical example will make this clear. 


In a test set-up, a coupler with a 20 dB coupling 
loss (k = 0.1) and a 29.5 dB Girectivity was em- 
pioyec. The main arm forward wave may be 30 V 


7 
no difference 


and the reflected wave 10 V which indicates a re- 
flection coefficient of 0.3. What is the effect of the 
forward wave upon the reflected wave at the mea- 
surement port (measurement error 7)? 


Solution 


The measurement port signal due to the return 
wave is 10 V x 0.1 = 1 V. For the forward wave, 
the other auxiliary arm output of this coupleris the 
coupling output, which is fed with a voltage of 30 x 
0.1 = 3 V. This voltage does not interfere since 
the port is not used. Due to the given directivity of 
29.5 dB, 1/30th of the calculated 3 V, i.e. 0.1 V, is. 
present at the measurement port together with 
the wanted signal of 1 V. The phase of these two 
voltages determines how much the wanted signal 
is influenced. In the extreme case, with either in- 
phase or anti-phase conditions, the measure- 
ment error amounts to + 0.1 V/1 V x 100 % = 
+10 % in this example, Should the reflection co- 
efficient require to be determined within ameasu- 
rement error of + 1 %, a coupler with a directivity 
of 49.5 dB would have to be used instead of 29.5 
dB! 


The directivity then is an important specification of 
a directional coupler and has a great impact upon 
the measurement of the reflected wave. 
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4. 
FORWARD AND BACKWARD 
WAVE COUPLERS 


Couplers whose output port lié on the same side 
as the signal input portin the main arm, are known 
as backward wave couplers. The foregoing text 
and diagrams refer to the backward wave coup- 
ler. 


Another form of coupling is the “Forward wave 
coupler’, This is to be found mainly in waveguide 
techniques. Its function is easier to understand 
than that of the backward wave coupler. Fig. 5 
shows the principle. The coupling between neigh- 
bouring waveguides Is accomplished by small 
slots spaced by a quarter wavelength, From each 
slot (S 1, S 2) in the auxiliary arm radiate electrical 
waves in both directions. In the “backward direc- 


tion“, however, these waves cance! each other 
because those coming from the second slot have 
a phase difference to those coming from the first 
slot of twice a quarter wavelength. The forward 
wave coupler has therefore port 3 as the decou- 
pled port whilst the wave components at port 4are 
in phase and are additive. Port 4 is then the cou- 
pled output. Since this lies in the direction of the 
forward wave in the main arm, the coupler is 
known as the “forward wave coupler 
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Bernd von Bojan, DJ 7 YE 


Determination of Antenna Gain — 
What’s actually behind it all ? 


Time and again lately, there have been publica- 
tions about amateur antenna measurements 
which give the impression that a high degree of 
Precision has been achieved. In particular. the 
gain of short-wave antennas and their VHF and 
UHF models which have been carried out toa few 
tenths and in some instances to a few hundredth 
of a dB, have been undertaken. At the same time 
the gain was determined to within two decimal 
places in order to accord with the so called “Kraus 
Formula”, which in itself is a rule-of-thumb equa- 
tion. This situation leads one to the conclusion 
that the use of the Kraus formula is shrouded in 
some uncertainty. 


Itis this problem of the gain of an antenna and 
its measurement, which this article will ad- 
dress. At the same time, the question of 
whether highly exact antenna measurements 
are possible, and even meaningful, will be 
examined. 


Taking short-waves, it is well known, that accord- 
ing to the propagation conditions and the radia- 
tion characteristics of the antenna, the received 
signal varies quite often by more than 30 dB. If 
highly accurate antenna measurements were 
technically possible, on account of this, the ques- 
tion must be asked whether such exact measu- 


rements are required at all. Nevertheless, if two 
short-wave antennas are required to be compa- 
red with one-another, it cannot be accomplished 
by an assessment of the free-space character- 
istics alone. This is because it is not possible tobe 
certain of which components of the antenna cha- 
racteristic suit a particular distance and elevation 
above the earth surface. 


Short-wave antennas radiate the energy sup- 
plied, minus losses, in the space surrounding the 
antenna. It therefore follows, that by means of io- 
nospheric propagation, the total radiated energy 
reaches the jonosphere in the ideal case and is 
reflected from there to a distant point on the 
earth's surface, 


The ionosphere and the earth's surface are deci- 
sive factors in the question of how effective the 
antenna behaves as a radiator. 


A short-wave antenna is then a good radiator, if it 
has the height above ground which is suitable for 
the ionosphere at an optimum time for the particu- 
lar path length under consideration. It is a notable 
fact, that theoretically, two antennas with differing 
free-space gains will produce the same field 
strength at a distant receiver. The antenna with 
the highest free-space gain is not necessarily the 
most successful. 


This is also partly true for VHF and UHF according 
to what purpose the antenna is being used. (Me- 
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teor-Scatter: high dispersion, EME: too many 
side-lobes could cause problems). 


‘An isotropic radiator (O dBgain) placed in free- 
‘space between the ionosphere and the earth's 
surface is transformed according to surroun- 
dings, into an antenna possessing high gain if the 
“reflectors”, earth and ionosphere, mutually aid 
each other. For this reason the question of the 
gain of a short-wave antenna has more of an aca- 
demic rather than a practical value. The determi- 
ned values become sterile numbers which can 
only be regarded with a great deal of scepticism, 
especially when the person undertaking the mea- 
surements does not possess a full understanding 
of antenna physics, 


Until now, no perfectly exact calculations, let 
alone perfectly exact measurements of gain of 
practical antennas, have been carried out. Such a 
project would represent a very large outlay in 
terms of measurement and mathematical capabi- 
lities. For this reason, one must rely on approxi- 
mations, which of course, cannot be regarded as 
being exact. If methods of calculation leading to 
uncertainties of several tenths or hundredths of a 
decibel, how can exact measurements tum out so 
correct? 


The employment of exact mathematical calculat- 
ing techniques would certainly ensure more pre- 
cise results than would be obtained by practical 
measurement. On the other hand, the realisation 
of a mathematical antenna model is not possible 
owing to the many unknown factors such as earth 
inductivity and dielectric constant together with 
the local topography. It remains in the realm of 
measurements to obtain a picture of the actual 
conditions but these would not be carried out with 
accuracies of a few tenths of a decibel but more 
like acouracies of + 2to + 5 dB. 


The following CCIR-measurement uncertainties 
are permitted: — 


10 kHz .....300 MHz: + 2dB 
300 MHz ... 3GHz: + 3dB 
3 GHz..... 30 GHz: + 5dB 
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These recommendations of the international ra- 
dio advisory committee speak for themselves. 

They were aware of the difficulties which the hig- 
her demands upon accuracy would have brought 
with them. 


if after an approximation, the antenna gain from 
the main lobe of the radiation characteristic (half- 
power points of the E and H planes) should be de- 
termined, one conciously took inaccuracies into 
account; it would be totally out of place, if the re- 
‘sults were expressed as accurate to two decimal 
places. In principle, there is a relationship be- 
tween the antenna gain and its beamwidth, which 
is exclusively limited to antennas having a rota- 
tionsymmetrical main lobe or antennas where the 
deviation from the rotationsymmetry is in accor- 
dance with theoretical principles. Even then, it is 
risky to determine the gain solely from the main 
lobe characteristic. Itis particularly delicate, when 
‘one maintains, that the gain of short-wave anten- 
nas can only be determined from the horizontal 
beamwidth. This is especially true in some cases 
where an unsymmetrical horizontal characteristic 
and differences in the vertical directional diagram 
ae apparent. 


Itis a particularly bad mistake to ignore the verti- 
cal directional characteristic, since it is well 
known, that this is of quite special importance in 
the short-wave region in connection with the iono- 
sphere and its reciprocal action with the earth's 
surface. All gain measurements which do not take 
the total radiation characteristic into account are 
therefore anything but precise. On this basis of a 
single field strength measurement, it is impos- 
sible to reach a conclusion about the gain of an 
antenna. To determine the exact gain the com- 
plete space diagram of an antenna must be ta~ 
ken into account. 


This means: field strength measurements must 
be taken in all space orientations about the anten- 
na in order to arrive at an exact and reliable re- 
sult. It is possible to understand these basic 
points easily if one imagines that the light-intensi- 
ty outside the beam of a spot-lamp falls very 
sharply and a few degrees further from the maxi- 
mum it falls to zero. Naturally, the main beam of a 
radio wave is not visible and can easily be missed 
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ina field intensity measurement of the HF anten- 
na, thus giving a result, which in a true sense of 
the word, is beside the point. An amateur wishing 
to make accurate field measurements must be 
prepared to spend at least DM 20.000,~—. The 
accuracy of such measurements will be in the 
region of = 0,6 dB. 


The following considerations, limited to gain esti- 
mates, show that the deviation of the gain from 
the antenna main lobe even looking at both pia- 
nes of radiation, cannot be much more than a rule 
of thumb, 


Under the condition that the definition of antenna 
gain is borne in mind, the notion of directivity will 
be used for a rough estimate of antenna gain from 
now on, 


The directivity is defined as the relationship be- 
tween the maximum radiation intensity to that of 
the median intensity. For an antenna with an effi- 
ciency of 100 % and no copper-, dielectric- or 
matching losses, the directivity and gain are 
equal. The equation for the estimation of the di- 
rectivity is: — 


a) D ~ 41253 / (ap) 


where the number 41253 represents the surface 
of a unity sphere in square units. a and [3 are defi- 
ned angles of the plane perpendicular to the verti- 
cal radiation plane. 


This formula represents a very simple approxi- 
mation indeed for the calculation of the directivity 
of asingle lobe polar plot. This formula was devel- 
coped — and this is reiterated — for the rough esti- 
mation of the directivity from a knowledge of the 
half-power points of the radiation lobes of two 90° 
planes in quadrature. The half-power points are in 
accordance with the horizontal and vertical beam- 
widths and describe the widths of the radiation 
lobes, at which the field strength right and left from 
the maximum fall by 3 dB. 


The constant 41253 is the subject of much mis- 
understanding in amateur literature and it should 
be made clear that this calculation method is only 


an approximation and it seems to be urgently ne- 
cessary to explain in detail the derivation of the 
directivity formula. 


The directivity D is defined as: the relationship of 
the field strength © max of the main lobe direction 
of the antenna at the distant point, to its median 
field strength Oo which would be produced if the 
total radiated power Ps was not directed, but uni- 
formaly distributed at the surface of a sphere 
47°. Since the unity sphere has a radius of r = 1 
the spherical angle becomes 477 . In the first in- 
‘stance, the directivity amounts to 


(2) D=Oru/Oo 


‘The median radiation intensity Oo is coupled with 
the radiation power Ps through the relationship: 


3) Ps = 4zr7Qo 


and transposing: 
(4) Qo = Pyar 


and substituting 
(5) D=Omm 4 t PiPy 


PJQmox id defined as B, The B represents the 
equivalent aperture of an idealised directivity 
characteristic, which has in the radiation range, 
the constant intensity Oinq,, and in the remaining 
range of angles the radiation intensity of 0 = 0. 
From the previous formula follows: 


47120, 


6) 
® Onyx [rad ®] 


i. e. a result in radians squared. The radian (rad.) 
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is the plane angle for which the relationship of 
length of the arc to its radius equals one. One ra- 
dian equals an angle of 57,295° as will now be 
described. The circumference of the unity 
sphere is; 


C=nd=2rr, since 2ar= 360°, 
= 360°/2n = 180°/m = 57,295°. 


So for the surface area of the sphere S, in square 
units 

@” 

S, = 407 = 4 7 (57,295) = 41253 (degrees’) 


The number 41253 is nothing more than the sur- 
face area of a unity sphere expressed in degrees 
squared. 

In square units 


28D 
Omax [degrees* ] 


(8) B= 


and since Ong,/O, = D 
B = 41253/D and D = 41253/B 


As B only approximates the product of angles 
(half power width) in the E plane (horizontal) « 
and the H plane (vertical) 8 or in the perpendicular 
to the vertical plane: 


D = 41253/(a 8) 


reference to the isotopic radiator. 


To be able to give the roughly estimated power 
gain in dB, the following formula is employed 


(9) G(dB) = 10 log, D 


This formula gives the gain relative to an isotropic 
radiator. To obtain the gain in dB with reference 
to a half-wave dipole 2,15 dB must be subtracted, 


Fig. 1: 3 D radiation plot of directive antennas are similar to the form of squashed or elongated 
rotation ellipsoids 
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The main lobe characteristics can be calculated 
exactly and it is useful to compare this with the re- 
‘sult arrived at by using the approximations for- 
mula, 


The calculation of the volume of complicated bo- 
dies, such as the lobe of an antenna, is done with 
the aid of multiple integration. The form of a lobe is 
very similar to those of a squashed or elongated 
rotational ellipsoid. (Fig. 1). 

In the first approximation, the antenna lobe is re- 
garded as being rotationally symmetrical in polar 
co-ordinates about the pole axis rotating area of 
the form: 


(10) O=Dra 


where © is the radiation intensity, Onq. is the 
maximum radiations intensity, n is a real number 
and ais the radiation angle. For the main beam di- 
rection « = 0. The aim is to calculate the volume 
of a radiating body possessing bent co-ordinates 
and Is obtained by triple intregrals, whose integra- 
tion area by constant co-ordinate area is separa- 
ted into volume elements. The calculation of the 
radiation of a single beamed cos"-lobe can be re- 
duced owing to its simplicity, to a double integral 
of the form: 


(11) P.= Sf Saf 


where P, is the radiated power, S, is the real part 
of the Poynting vector (S, = ¥2 - EH) of this distant 


field and df is a limiting value of an infinately small 
spherical area element. 


In the following text, only side-lobe free polar-dia 
gram examples are considered, the calculated 
values being the theoretical maximum values. 
The antenna gain (dB) may be obtained from the 
directivity D by means of (9). 

Using three examples, it will be proved mathema- 
tically where the blind use of the directivity formu- 
la leads. 


Example 1 

An antenna has an « = 8 = 120°i.e.3dB beam 
width in the E plane (horizontal) as well asin the H 
plane (vertical). The exact calculation according 
to fig. 2. 


2 


ae 
(12) PL=f f On COSe Sina da dB 
o° 


(13) P, 


1 Oran 


If the power in fig. 1 is considered as being radia- 
ted from an isotropic source, then both may be 
compared: 


(14) 7 Omax = 47 Oo, 


and for the isotropic radiator 
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(15) Py=47Q, 
as the radiated power for the isotropic is 

P= f Od0=0, f d=470, 
from which the directivity may be obtained 
(16) Onno = 4 nin = 4 =D 


(17) G=10logD = 6 dB, 


If the directivity is now calculated by use of the 
approximations formula. 


(18) D = 41253 grad*/(120° x 120°) = 2,86 
(19) G = 10 logD = 4,56 dB, 


The error is considerable, 


Using the approximation method leads to an error 
of some 40 % low. 


Example 2 


An antenna has radiation angles a 
(about that of a 3 element quad). 
The exact calculation is as follows: — 


B~ 90° 


On cia 


(20) Py = Oma J f cos’a sina da dp 
oo 
(21) Py = 27 Oma/3 


referred to an isotropic radiator 
(22) 27 Oma/3 = 47 Oo 


(23) Opay = 417 Bi(2n) = 6 = D 
(24) G = 10logD = 7,78 dB 
Using the approximation: 


(25) _D = 41253 grad*(90° - 90°) = 5,09 
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A result which is about 20 % lower than the cor- 
rect result. 


Example 3 


This time a = 8 = 75° (approx. a3 element yagi) 
Qn We 


(26) P:=Onaf foos*asinadad B 
35 


(27) PL = 7 Opal2 


It P,, again, is referred to an isotopic radiator: 
(28) 1 Onsi2= 41 

(29) Onw/Op = 47 An = B=D 

Using the approximations formula 


(30) D = 41259 grad®/(75° : 75") = 7,33 


This time the approximations formula is about 
9% lower than the precise result 


From these examples it may be concluded that 
the approximations method used for the range of 
angles associated with simple amateur antennas, 
is hardly usable since it does not supply exact re- 
sults. Even under the condition that the beam- 
width is exactly known (which is unlikely) the 
directivity formula can only supply a "rule of 
thumb" result, 


The main lobe is only one of the gain determining 
factors of the antenna. Another important factor is 
the size of the nearest side-lobe maxima, which 
has been more or less ignored by the approxima: 
tions formula. 


The relationship of side-lobe to main-lobe de- 
pends upon the form of the radiator and its me- 
thod of excitation. It is a fallacy, that antennas 
possessing many side-lobes are mostly depen- 
dent upon the main lobe for the total directivity. It 
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is a fact that a parabolic antenna possessing 
many side-lobes may have a directivity which has 
been enhanced by up to 50 % by them. The con- 
sequence |s, that antennas which have exactly 
the same beam-width in the main lobe could have 
very different gains. Although it is quite possible 
that in some cases — perfectly fortuitous — the 
approximations may approach the exact gain of 
the antenna, this cannot be physically proved. 


Also in the case of short-wave antennas there is 
no relationship between the reduction of gain and 
the side-lobe attenuation which is generally ac- 
cepted. This is also true of Yagi antennas, as the 
parameter upon which the side-lobes maxima de- 
pend, such as current distribution, phase rela- 
tions ships, antenna length, spacing of elements 
and so on, is different for each antenna, All at- 
tempts at a graphical representation to arrive at 
an estimation of gain, be taking into account the 
side-lobes, are doomed to failure. That is why in 
serious puplications, no such graphical repre- 
sentations are to be found. For certain types of 
antennas this type of graph could be useful in or- 
der to control the construction of the antenna. 


There still remains the possibility of determining 
the antenna gain by graphical integration. This 
has a pre-condition that the measurement tech- 
niques are up to the task of producing an accurate 
polar diagram. 


Henry Jasik gives a formula in Antenna Enginee- 
ring Handbook which will estimate an antenna 
gain: 


(31) G ~ 27000 (ap) 


where and f are the half-power angles in the E 
and H plane. Jasik also says: "It is sometimes of 
Interest to determine a roughly estimates value of 
the gain if the only known data are the principle 
planes of the polar plot.” About the formula itself, 
he says: "The gain found by this method is usually 
correct to within 25 %, particularly for high-gain- 
antennas". Jasik continues: "The gain can often 
be determined from the directivity by estimating 
the losses in the antenna system, but it is usually 
measured experimentally by direct comparison 


methods. The only additional advice, which the 
author can supply is, that the measurement of 
total gain is probably the most difficult measure- 
ment of antenna technology, It should only be un- 
dertaken with great care". 


Finally, Proffessor G. Beuche DL6AB wrote in 
QRV 6/79 his contribution to the theme: "Origin, 
meaning and conditions of this relationship (note: 
he means the approximations formula) are un- 
known probably, by many authors of amateur pu- 
plications, otherwise this terrible contusion would 
not have arisen. 
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MATERIAL PRICE LIST OF EQUIPMENT 


described in edition 3/85 of VHF COMMUNICATIONS 


DC9XG GaAs-FET Inter-Locked Dual Polarity Art, No. Ed, 3/1985 
Power Supplies for portable Use 
PC-board DC9XG001 single-sided, drilled 6925 DM 27,— 
with comp. plan 
Components. DC9XG 001 41Cs, 3 transistors, 7 diodes, 6926 DM 62— 


11 elkos, 7 foil-, 5 ceramic and 
2 styro flex-caps. 3 presets, 15 resis- 
tors, tin-plate case 


Kit DC9XG 001 complete, with above parts 6927 DM 85.— 

DBINV Stable Crystal-Controlled-Source for 10,37 GHz Ed. 3/1985 

PC-board DBINV003 double-sided, silvered without 6928 DM 24,— 
layout plan, undrilled 

Components DBINV003 _ 5 transistors, 2 diodes, 1 regulator 6929 DM 103.— 


4 ooil-former with core, 14 trimmers, 
3.chokes, 1 msilvered 1 mm wire, 

3 elkos, 2 foil- and 18 disc caps 

21 resistors, 1 preset, 

1 WIG R 100, 80 mm long 


Crystal 96,000 MHz = HC-25U or HC-43U 6224 DM 26.— 
Step-recovery-diode HP5082-0830 6930 DM 260.- 
Kit DBINV003 = complete , with above parts 6931 DM 395.— 
DBINV 12-V-Mobile-Switched.-Mode-Power-Supply Art. No. Ed. 2-3/85 
(10 A cont., 20 A int.) 

PC-board DBINV002 __ single-sided with comp. plan, drilled 6932 DM 83.— 
Components  DBINV002 —_uponrequest 

DTK FM-AM-Converter for FAX Reception Ed. 3/1985 
PC-board DTK 001 single-sided with comp. plan, drilled 6921 DM 28,— 
Components. DTK 001 5ICs, 1 transistor, 1 Z-diode 6922 DM 77.— 


1 foil trimmer, 6 elkos, 6 foil and 

16 ceramic capacitors, 3 presets 

(upright), 28 resistors, 5 solderpins 
Crystal 2,4576MHz HC-6U 6923 DM 18.— 
Kit DTK 001 complete, with above parts 6924 DM119.— 
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Space and Astronomical Slides 


7 Ra 
Informative and Impressive ae 

VHF COMMUNICATIONS now offers sets of phan- 
tastic s'ides made during the Gemini,Apolo,Mariner. 
and Voyager missions, as well as slides fram leading 
observatories. These are standard size 5cm x 5m 
slides which are framed and annotated. 

Prices pius DM 3,00 for post and packing. 


Sets of 5NASA-slides DM 8.50 per set 
Set8103 Apollo 14: Earth and Moon 

Set 8104 Apolio 11: Man ofthe Moon 

Set8105 Apollo 9 and 10: Moon Rehearsal 
Sel8106 From California to Cap Canaveral 

Set 8107 Apolio 12: Moon Revisited 

Set8108 Gemini Earth Views: 

Set8109 Apolio 15: Roving Hadley Rille 
Set8110 Apolis 16: Into the Highlands. 
Set8111 — Apalio 17: Last voyage to the moon 
Sel 8112 Apolio 17: Last Moon Walks. 
Set8113 jariner 10: Mercury and Venus 


Set8147 »Jupiterencountered« 20 slides of VOYAGER 1 & 2 DM 35.00 

1. Jupitor and 3 satellites 2. The giant planet ler, loang Furopa 4. The Red spot _5. The Red spotin detail 6. The 
switingcauds 7. lo anda white oval 8. Then hoodotthe Hed spot 9. Theringsof Jupiter 10. The Galilean sateli- 
tes 11. Amalthea 12. Calisto 13. Impact feature on Callisto 14. Eruption on lo 15. lo full disc 18, Europa close-up 
17. Europa distant view 18, Ganymede cos: ant Ganymede 20, The lovian system 


Set 8100 »Saturn encountered«, 20 VOYAGER-1 slides DM 35.00 


1. Satur and6ofits:noons 2. Salure from 17 m0} 2.Satumntrom8miomiles 4.Saturn from 1 miomiles 5. Saturnand 
Fags from 800.000 mies 6 Saturn's Red spot 8. Dions agains! Satum up. 10. 
Rhea 17. Craters ofRhea 12. Titan leronMimas 15. Otherside of Mimas 16, Ap- 


proaching the rings 


Set 8148 »VOYAGER 2 at Saturn«, 20 VOYAGER-2 slides DM 35.00 

1. VOYAGER 2 aporoaches 2. Clouds & rings 3. Storms & sat 'S, spots & jet streams 5. Convective 
regions 6. Atmosahericdisturbanee 7. Rings & shadows 8. T? ing 9 Ring detals 10. The »A« ring 11. Looking 
backan Saturn_ 12. Titan — nigh mosphencbands 14. The»Fering 15. Hyperion close-up _ 16. lapelus 


17. Under the rings ie Fring 20. lapetus 


feveaisd 17. Enceladus explored 19. The “Fe ring structure 20. Within the Lnke division 
Set 8102 »The Solar System«, 20 NASA‘JPL slides DM 35.00 
1, Solar System 2 Formation of the Planets 3. The Sur 4. Mercury, Crescent Venus 8, Clouds of Venus 7. Farth 


BFu: Moon 9. Mars 10. Mars: Olympus Mons 71. Mars: Grand Canyon 12, Mars: Sinuous Channel 13. Phobos: 


14, Jupiter with Moons 15 JupterRed Sect 16. Satu 17.SatumRings 18. Uranus and Neptune 19. Pluto. 20. Comet 
Ikoya: 

Set 8149 »The Sun in action«, 20 NASA/JPL slides DM 35.00 

+ SuninHalight 2.TotalSolarectipse 3. Outercorona om SMM satelite 5, Corona close-up 6. Solarmagno- 
togram 7, Active regions in X-radiation 8.X-raycorona 9. Acoronalhole 10. Solarflare 11 Active Sun 12, Eruplivepro- 


minence 13, Gargantuan promnence 14 e pr 


wnce 15. Huge Solar explosion 16. Prominence inaction 17. 


Sun in action 18. Magnoticfiekd 19, Prominence close-up 20. Chromaspherie spray 
Set8144 »Space shuttle«, 12 first-flight slides DM 24.00 

1. STS1 hoads alo't_ 2. View trom the tower 3. Tower clear 4. Launch profile 8, Payload bay open 6. STS control Hou- 
sion 7 In orbit, earth seen through the windows 8. Bob Crippen in mid-deck 9 John Young 10. Approaching touchdown 
11, Alter 54.5 hours in space Columbia returns to Earth. 12. Astronauts Crippen and Young emerge after the successful mission 


Set8150 »Stars and Galaxies«, 30 astro color slides, AAT 1977-1982, DM 46.00 

2 Anglo-Australian 3.9 m Telescape (AAT}2.AAT Dome 3. Telescope Control Console 4 An Observer atthe Prime Focus 5.Star Trails 
inthe SW6 Circumpolar Star Trails 7 Centaurus A NGCS128 8. The Spa! Galaxy MBS (NGC5236} 9. The Eta Carinae Nebula 10.An open 
Gluster of Stars NGC3293 11. Planotary Nebula. NGC8302 12 The Trilid Nebula M20 (NGCE5 4} 13. The Cone Nebula 14.$ Monocero- 
NGG2284 15 The Kelx Neduia NGC7293 16.A Woll-Rayet Star in NGC2359 17.A Spiral Galaxy.NGC2997 18 Messier 16 
11) 19 The Ovon Nebula 20 Dust and Gas in Sagittaris,NGC8589-90 21 NGC6164’5, The Nebulosity Around HD148937 
Gloud and Open Cluster NGCB520 23 The Spital Galaxy NGC253 24.4 Mass-Loss Star, 12220 25. The Jewel Box NGC4755 
\p Galaxy NGC9822 27 Central Regons of NGC5128 28 Towards the Galactic Centre 29. he Trapezium 30.The Trifid Stars 
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You should know 
what's behind our sign 


We are the orly European 
manufacturers of these 


Miniature TCXO’s 


CGO 102, CCO 103, 
CCO 104, CCO 152 
modulable table 
higher stability than a 
quartz crystal 
Jess than :3 ppm over 
the temperature range 
-30 to +60°C. (types B) 
low ageing ra 
less than ppm per 
year 
wide frequency range: 
10 MHz. to 80 MHz 
low supply voltage: 
+5V 


OurR + D engineers are 
constantly working with 
new technology to 
develop new products 
We can offer technical 
advice for your new 

projects or manufacture 
against your specification. 


Quartz crystal units in 
the frequency range 
from 800 kHz to 360 
MHz Microprocessor 
oscillators (TCXO's, 
VCXO's, OCXO’s) 
crystal components 
according to customer’s 
| specifications 


low current mption 
3mA max. (series CCO 102) 
small outlines; CCO 104 


8, CCO 102/152 = 3,3. cm, 


widespread applications e.g. as channel elements or reference 
oscillators in UHF radios (450 and 900 MHz range) 


eco103 cco 


tnput 


... Your precise and reliable source 


TELE-QUARZ GMBII - D-6924 Nockarbischofsacim 2 
‘Telefon 072 68/1003 - Telex 782359 tq a - Telefax 07268/1438 


